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(54) [Title of the Invention] 

Organic EL Element and Manufacturing the Same and Organic EL display 
(57) [Abstract] 

[Problem to be Solved] To provide an organic EL element or the like with high 
reliability and excellent light-emitting efficiency, of which a positive electrode contact 
layer of a laminated organic thin film layer is prevented from crystallization and the 
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thermal stability is improved without damaging the electric characteristics. 
[Means for Solving the Problem] The organic EL element has a laminated organic thin 
film layer between a positive electrode and a negative electrode, and a positive electrode 
contact layer contacting with the positive electrode of the organic thin film layer is 
either (1) containing amines and at least one kind of compound selected from 
phthalocyanines, porphyrins and carbazoles, (2) containing an organic low molecular 
compound and an inorganic compound, (3) having a laminated structure in which 
different organic low molecular compounds are laminated, (4) containing at least one 
kind of organic low molecular compound selected from amines, phthalocyanines, 
porphyrins and carbazoles; and a movement-restraining compound restraining 
movement of holes, or (5) formed into a pattern in a single pixel. 
[Selected Drawing] 

[Scope of Claims] 
[Claim 1] 

An organic EL element characterized by comprising a laminated organic tiain film layer 
between a positive electrode and a negative electrode, wherein a positive electrode 
contact layer contacting with the positive electrode of the organic thin film layer 
contains amines and at least one kind of compound selected from phthalocyanines, 
porphyrins and carbazoles. 
[Claim 2] 

An organic EL element characterized by comprising a laminated organic thin film layer 
between a positive electrode and a negative electrode, wherein a positive electrode 
contact layer contacting with the positive electrode of the organic thin film layer has a 
laminated structure in which an organic low molecular compound and an inorganic 
compound are laminated alternately. 
[Claim 3] 

An organic EL element characterized by comprising a laminated organic thin film layer 
between a positive electrode and a negative electrode, wherein a positive electrode 
contact layer contacting with the positive electrode of the organic thin film layer 
contains at least one kind of organic low molecular compound selected from amines, 
phmalocyanines, porphyrins and carbazoles; and a movement-reshaining compound 
restraining movement of holes. 
[Claim 4] 

A method for manufacturing an organic EL element to form the organic EL element 
according to any one of Claims 1 to 3, which is characterized by comprising the step of 
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forming a positive electrode contact layer by codeposition of at least two kinds of low 
molecular compounds on a positive electrode. 
[Claim 5] 

An organic EL display using the organic EL element according to any one of Claims 1 
to 3. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an organic EL element with high reliability and 
excellent light-emitting efficiency, of which a positive electrode contact layer of a 
laminated organic thin film layer is prevented from crystallization and the thermal 
stability is improved without damaging the electric characteristics, and an efficient 
manufacturing method of the organic EL element; and an organic EL display with high 
reliability and high performance, having no short-circuiting of a pixel, of which 
time-course decrease in light-emitting luminance is effectively prevented. 
[0002] 
[Prior Art] 

An organic EL element is characterized by being self-luminous, fast response and the 
like, and its application to a flat panel display is expected. Generally, the organic EL 
element has an organic thin film layer between a pair of electrodes. The organic thin 
film layer is generally designed to have a laminated structure in which a hole injection 
layer, a hole transport layer, a light-emitting layer, an electron transport layer and the 
like are laminated, from the viewpoint of spatially separating each function of charge 
injection, transport and recombination so as to improve light-emitting efficiency. 
[0003] 

As materials for the hole injection and transport layer or the hole injection layer, organic 
low molecular compounds such as phmalocyanines and aromatic amines, of which hole 
injection barrier is low and hole mobility is high, are widely used generally. However, 
in the case of these organic low molecular compounds, they are thermally unstable and 
there are following problems. 

That is, as for a laminated organic EL element 10 shown in Fig. 1, an organic thin film 
layer including a hole injection and transport layer 3 and a light-emitting layer 4 is 
sandwiched between a positive electrode 14 and a negative electrode 22, and the hole 
injection and transport layer 3 of the organic EL element 10 is formed over a glass 
substrate 12 on which an indium tin oxide (ITO) as the positive electrode 14 is formed. 
In the organic EL element 10, due to bumps on the ITO and heat treatment for lowering 
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resistance of the ITO, roughness arises on a surface of the ITO, and the thickness of the 
hole injection and transport layer deposited thereon becomes uneven, sometimes. In 
this case, when a voltage is applied between the positive electrode 14 and the negative 
electrode 22, local concentration of a current occurs, and local heating occurs. At this 
time, in the case where materials constituting the organic thin film layer are the organic 
low molecular compounds of which glass-transition temperature (Tg) is low and 
movement easily occurs, the organic thin film layer is crystallized, which leads to 
problems such as short-circuiting of a pixel and time-course decrease in luminance. 
[0004] 

Materials for the hole injection and transport layer and the hole injection layer which 
have been used conventionally . are: N,N'-diphenyl-N,N'-bis 
(3-methylphenyl)-l,r-biphenyl-4,4'-diamine (TPD) of which the glass-transition 
temperature (hereinafter may be referred to as "Tg") is 63 °C shown by the structure 
formula (1) below; N,N'-diphenyl-N,N'-bis (a-naphthyl)-l,l'-biphenyl-4,4' -diamine 
(oc-NPD) of which the Tg is 95 °C; 1,1 '-bis (4-di-para-tolylaminophenyl) cyclohexane 
(TPAC) of which the Tg is 79 °C; 4,4',4"-tri [3-methylphenyl (phenyl) amino] 
triphenylamine (m-MTDATA) of which the Tg is 75 °C; and the like. Any of these are 
organic low molecular compounds of which the Tg is 100 °C or less and symmetry of 
molecules is high. 
[0005] 
[Chem 1] 

[0006] 

Furthermore, when materials for the hole injection and transport layer and the hole 
injection layer are the organic low molecular compounds of which planarity of 
molecules is high, having a structure in which associations between molecules are easy 
to occur, there is a problem that crystallization easily occurs. For example, in the case 
of copper phmalocyanine (CuPc) shown by the structure formula (2) below and has 
been used as a material for a hole injection layer conventionally, the planarity of 
molecules is high and an associate is easily formed, and furthermore the ionization 
potential (IP) is small, and it has an electric characteristic that holes can be injected 
efficiently. Therefore, in the case of a conventional organic EL element having a 
two-layer structure in which a hole injection layer is formed using the copper 
phthalocyanine and a hole transport layer is laminated thereon, there are problems that 
crystallization occurs in the hole injection layer, roughness arises on the surface, and the 



4/44 



English Translation of JP2005-26121 



thickness becomes uneven. 

[0007] 

[Chem 2] 

[0008] 

Then, as materials for the hole injection and transport layer and the hole injection layer, 
which do not have such problems, (A) a material which can improve the Tg, (B) a 
material having a steric hindrance structure restraining movement of molecules, without 
damaging electric characteristics required for these materials are considered, and use of 
4,4',4"-tri [2-naphthyl (phenyl) amino] triphenylamine (2-TNATA (Tg= 113 °C): 
structure formula (3) below) as starburst structuring of a triphenylamine unit (refer to 
Nonpatent Document 1), a multimerized (tetrameric) triphenylamine unit (NTPA (Tg 
=148 °C: structure formula (4) below)) (refer to Nonpatent Document 2) and the like are 
proposed. 

However, in the case of these materials, there is a problem that the electric 
characteristics such as ionization potential (IP) and hole mobility (u.) are changed by the 
change of molecular structure and it is difficult to control them in desired ranges. 
[0009] 
[Chem 3] 



[0010] 
[Chem 4] 

[0011] 

Furthermore, when newly obtaining (A) a material which can improve the Tg, or (B) a 
material having a steric hindrance structure restraining movement of molecules, 
maintaining the electric characteristics, by molecular design and molecular synthesis, as 
materials for the hole injection and transport layer and the hole injection layer, there is a 
problem that the time and cost increase greatly. 
[0012] 

On the contrary, an organic thin film light-emitting element provided with a hole 
injection layer where a hole injection material is dispersed in a high polymer compound 
such as a polystyrene resin which is not crystallized by a heat treatment is proposed 
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(refer to Patent Document 1). In addition, an organic EL element provided with a hole 
transport layer by applying a high molecular compound having a hole transport property 
directly on a positive electrode is also proposed. However, in these cases, film 
forming equipment (spin coat film forming equipment, ink-jet film forming equipment 
or the like, for example) is newly required. In addition, there are also problems that: 
since the hole injection and transport layer and the hole injection layer are formed under 
an atmospheric pressure, they are susceptible to the atmosphere, and reproducibility of 
the interfacial quality with a low molecular film deposited thereon becomes low; and, 
since the process is discontinuous with application and deposition mixed, the 
productivity is decreased. 
[0013] 

On the other hand, an organic electroluminescence element with the hole transport layer 
formed of two or more kinds of aromatic amines is proposed (refer to Patent Document 
2). In the case of the organic electroluminescence element, since molecular structures 
of the two or more kinds of aromatic amines are similar to one another, when molecular 
weight of the aromatic amines is small, there is a possibility that steric hindrance does 
not function well, and when molecular weight of the aromatic amines is large, thermal 
decomposition occurs at the time of deposition, which is a problem. Furthermore, in 
this case, only a metal complex with 8-hydroxyquinoline as ligand can be used as a 
material for a light-emitting layer laminated thereon, so there is a problem that the 
versatility is low. 
[0014] 

In addition, an organic EL element with the hole injection layer and the hole transport 
layer containing a mixture of tertiary aromatic amine and polycyclic aromatic 
hydrocarbons compound is proposed (refer to Patent Document 3). However, in this 
case, planarity of the polycyclic aromatic hydrocarbons compound is too high, 
restraining effect of crystallization of the hole injection layer and the hole transport 
layer strongly depends on the mixing ratio of the polycyclic aromatic hydrocarbons 
compound and the tertiary aromatic amine, and reproducibility is low, which is a 
problem. 
[0015] 

Furthermore, an organic electroluminescence element with a buffer layer provided 
contacting with a negative electrode of a pair of electrodes containing a mixture of a 
porphyrin compound and a metal of which work function is 4.0 eV or more, or a 
mixture of an aromatic amine compound and a metal of which work function is 4.0 eV 
or more is proposed (refer to Patent Document 4). However, in this case, the buffer 
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layer is provided contacting with the negative electrode, not a positive electrode, so 
there is a problem that thermal stability of a positive electrode contact layer contacting 
with the positive electrode cannot be improved and crystallization cannot be restrained. 
[0016] 

Furthermore, an organic EL element with the hole injection layer containing an aromatic 
tertiary amine derivative or a phmalocyanine derivative is proposed (refer to Patent 
Document 5). However, in this case, the aromatic tertiary amine derivative or the 
phthalocyanine derivative can be only used by itself, and it is impossible to improve the 
Tg or restrain movement of molecules without damaging the electric characteristics 
required for the hole injection layer and the hole transport layer, which is a problem. 
[0017] 

Therefore, an organic EL element with high reliability, of which the positive electrode 
contact layer of the laminate-formed organic thin film layer is prevented from 
crystallization and the thermal stability is improved without damaging the electric 
characteristics has not been provided yet, in the present circumstances. 
[0018] 

[Nonpatent Document 1] 

Appl. Phys. Lett., 75, 3252 (1999) 

[Nonpatent Document 2] 

SEI Technical Review, 158, 61, (1999) 

[Patent Document 1] 

Japanese Patent Laid-Open Publication No. 5-21163 
[Patent Document 2] 

Japanese Patent Laid-Open Publication No. 7-312289 
[Patent Document 3] 

Japanese Patent Laid-Open Publication No. 10-255985 
[Patent Document 4] 

Japanese Patent Laid-Open Publication No. 1 1-297474 
[Patent Document 5] 

Japanese Patent Laid-Open Publication No. 1 1-265788 
[0019] 

[Problem to be Solved by the Invention] 

The present invention is to solve problems of conventional cases and achieve the 
following object. That is, it is an object of the invention to provide an organic EL 
element with high reliability, of which a positive electrode contact layer of a larriinated 
organic thin film layer is prevented from crystallization and the thermal stability is 
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improved without damaging the electric characteristics and manufacturing method of 
the same, and an organic EL display with high reliability, having no short-circuiting of a 
pixel, of which time-course decrease in light-emitting luminance is effectively 
prevented. 
[0020] 

[Means for Solving the Problem] 

Means for solving the problem are as described later in Additional Statements 1 to 27. 
An organic EL element of the invention has a laminated organic thin film layer between 
a positive electrode and a negative electrode, and a positive electrode contact layer 
contacting with the positive electrode of the organic thin film layer is either (1) 
containing amines and at least one kind of compound selected from phthalocyanines, 
porphyrins and carbazoles, which is a first form, (2) containing an organic low 
molecular compound selected from compounds having a hole injection property, and an 
inorganic compound, which is a second form, (3) having a laminated structure in which 
different organic low molecular compounds selected from compounds having a hole 
injection properly are laminated, which is a third form (4) containing at least one kind 
of organic low molecular compound selected from compounds having a hole injection 
property (amines, phthalocyanines, porphyrins and carbazoles); and a 
movement-resttaining compound resttaining movement of holes, which is a fourth form, 
or (5) having different organic compounds selected from the compounds having a hole 
injection property, arranged in a plane, adjacent to each other, which is a fifth form. 
In the invention, amines, phthalocyanines, porphyrins and carbazoles are called 
"compounds having a hole injection property", sometimes. 

As for the organic EL element, thermal stability of the positive electrode contact layer 
(the hole injection layer, the hole transport layer, the hole injection and transport layer, 
or the like, for example) contacting with the positive electrode is improved, and 
crystallization is restrained. As a result, the reliability is high. 
[0021] 

A manufacturing method of an organic EL element of the invention is a method for 
manufacturing the organic EL element of the invention, either (1) including the step of 
forming a positive electrode contact layer by codeposition of at least two kinds of low 
molecular compounds on a positive electrode, which is a first mode, (2) including the 
step of forming a positive electrode contact layer by continuously laminating at least 
two kinds of low molecular compounds alternately on a positive electrode by vacuum 
deposition, which is a second mode, or (3) including the step of forming a positive 
electrode contact layer by applying at least two kinds of organic low molecular 
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compounds spatially separately in a positive electrode corresponding to one pixel, using 
a shadow mask, which is a third mode. 

In the manufacturing method of the organic EL element of the invention, the positive 
electrode contact layer is continuously formed effectively in the case of the first mode, 
the positive electrode contact layer is continuously laminated effectively in the case of 
the second mode, and the positive electrode contact layer is effectively applied 
separately in the case of the third mode. 
[0022] 

An organic EL display of the invention is made using the organic EL element of the 
invention. 

Therefore, the organic EL display of the invention has high reliability, since the 
short-circuiting of a pixel and time-course decrease in light-emitting luminance are 
efficiently restrained. 
[0023] 

[Embodiments] 
(Organic EL element) 

An organic EL element of the invention has a laminated organic thin film layer between 
a positive electrode and a negative electrode, and also has other layers selected 
arbitrarily according to need. 

The organic thin film layer has a laminated structure, and includes a positive electrode 
contact layer contacting with the positive electrode, a light-emitting layer, a negative 
electrode contact layer contacting with the negative electrode, and the like, for example. 
[0024] 

The positive electrode contact layer can be selected arbitrarily according to the object, 
without a special limitation. A hole injection layer, a hole transport layer, a hole 
injection and transport layer and the like can be cited as the examples. Only one of 
them may be included, or two or more may be laminated. 

In the former case, it is preferable that the hole injection and transport layer is included 
alone, and in the latter case, it is preferable that the hole injection layer and the hole 
transport layer are laminated on the positive electrode in this order. 
The hole injection layer has a function of injecting holes from the positive electrode 
when an electric field is applied and transporting them to the hole transport layer, and 
the like. The hole transport layer has a function of transporting holes from the hole 
injection layer or the positive electrode when an electric field is applied, and the like. 
The hole injection and transport layer has both of these functions. 
[0025] 
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In the invention, the positive electrode contact layer needs to be either (1) containing 
amines and at least one kind of compound selected from phthalocyanines, porphyrins 
and carbazoles, which is a first form, (2) containing an organic low molecular 
compound selected from the compounds having a hole injection property, and an 
inorganic compound, which is a second form, (3) having a laminated structure in which 
different organic low molecular compounds selected from the compounds having a hole 
injection property are laminated, which is a third form (4) containing at least one kind 
of organic low molecular compound selected from compounds having a hole injection 
properly (amines, phthalocyanines, porphyrins and carbazoles); and a 
movement-restraining compound restraining movement of holes, which is a fourth form, 
or (5) formed into a pattern in a single pixel (having different organic compounds 
selected from the compounds having a hole injection property, arranged in a plane, 
adjacent to each other), which is a fifth form. 
[0026] 

In the case of the organic EL element of the invention, of which the positive electrode 
contact layer is either one of the first form to the fifth form, without newly obtaining 
materials for the hole injection layer and the hole injection and transport layer by 
molecular design and molecular synthesis, the glass-transition temperature (Tg) of these 
layers can be improved, and thermal stability of the positive electrode contact layer can 
be improved, and furthermore, crystallization can be restrained. 

In order to improve thermal stability of the positive electrode contact layer almost 
without changing ionization potential (IP) and mobility (u.) of the positive electrode 
contact layer, it is effective to mix two or more kinds of organic low molecular 
compounds having a hole injection property or a hole transport property in the positive 
electrode contact layer, and increase fluctuation of the composition, so that 
crystallization hardly occurs. At this time, as the two or more kinds of organic low 
molecular compounds selected from the compounds having a hole injection property, 
one which can keep an intermolecular distance long is preferable, in respect that the 
intermolecular interaction is small and homogeneous dispersion becomes possible, and 
the glass-transition temperature (Tg) can be effectively improved. 
[0027] 

The organic low molecular compounds are preferably selected from amines, 
phthalocyanines, porphyrins and carbazoles. 

In the case of the first form, it is necessary that the amines and at least one kind of 
compound selected from the phthalocyanines, the porphyrins and the carbazoles in the 
organic low molecular compounds are used in combination so as to form the positive 
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electrode contact layer. 

In the case of the second form, it is necessary that the organic low molecular compound 
selected from the compounds having a hole injection property and an inorganic 
compound are used in combination so as to form the positive electrode contact layer. 
In the case of the third form, it is necessary that the positive electrode contact layer 
having a laminated structure in which different organic low molecular compounds 
selected from the compounds having a hole injection property are laminated is formed. 
As for the fourth form, it is necessary that the organic low molecular compound and a 
movement-restaining compound restraining movement of holes are used in 
combination so as to form the positive electrode contact layer. As for the fifth form, it 
is necessary that the positive electrode contact layer which is formed into a pattern in a 
single pixel (having different organic low molecular compounds selected from the 
compounds having a hole injection property, arranged in a plane, adjacent to each other) 
is formed. 

In the case of the first form or the fifth form, at least two kinds of the organic low 
molecular compounds are contained in the positive electrode contact layer, and three or 
more kinds can be contained. In the cases of the second to fourth forms, at least one 
kind of the organic low molecular compound is contained in the positive electrode 
contact layer, and two or more kinds can be contained. 
[0028] 

The amines can be selected arbitrarily from known ones according to the object, without 
a special limitation. For example, N,N'-diphenyl-N,N'-bis 

(3-memylphenyl)-l,r-biphenyl-4,4'-diamine (TPD) shown by the structure formula (1) 
below, N,N'-diphenyl-N,N'-bis (a-naphthyl)-l,r-biphenyl-4,4'-diamine (a-NPD) 
shown by the structure formula (5) below, lii-tolyl-amine, tolyl-diphenylamine, 
N,N,N' ,N' -(4-methylphenyl)- 1 , 1 '-phenyl-4,4'-diamine, 
N,N,N' ,N' -(4-methylphenyl)- 1 , 1 ' -biphenyl-4,4'^iamine, 
N,N' -diphenyl-N,N' -dinaphthy 1- 1,1' -biphenyl-4,4 ' -diamine, 

N,N'-(methylphenyl)-N,N'-(4-n-butylphenyl)-phenantlrrene-9,10-diamine, N,N-bis 
(4-di-4-tolyl-aminophenyl)-4-phenyl-cyclohexane, and the like can be cited. 
Each of them can be used by itself, or two or more kinds of them can be used in 
combination. Of these, N,N'-diphenyl-N,N'-bis 

(3 -methylpheny 1)-1, 1' -biphenyl-4,4 '-diamine (TPD) shown by the structure formula (1) 
below, and N,N'-diphenyl-N,N'-bis (a-naphthyl)-l,r-biphenyl-4,4'-diamine (a-NPD) 
shown by the structure formula (5) below are preferable, in terms of electric 
characteristics. 
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[0029] 
[Chem 5] 



[0030] 
[Chem 6] 



[0031] 

The phthalocyanines can be selected arbitrarily from known ones according to the 
object, without a special limitation. For example, copper phthalocyanine (CuPc) 
shown by the structure formula (2) below, H 2 Pc, CoPc, NiPc, ZnPc, PdPc, FePc, MnPc, 
ClAlPc, CIGaPc, CllnPc, CISnPc, Cl 2 SiPc, (HO)AlPc, (HO)GaPc, VOPc, TiOPc, 
MoOPc, GaPc-O-GaPc and the like can be cited. 

Each of them can be used by itself, or two or more kinds of them can be used in 

combination. Of these, copper phthalocyanine (CuPc) is preferable in terms of electric 

characteristics. 

[0032] 

[Chem 7] 



[0033] 

The porphyrins can be selected arbitrarily from known ones according to the object, 
without a special limitation. For example, porphin, etioporphin, mesoporphin, 
protopoiphin, protoporphin zinc, 2,3,7,8,12,13, 17,18-octaethylporphin, 
2,3 ,7,8, 1 2, 1 3 , 1 7, 1 8-octaethylporphin copper, 2,3 ,7,8, 1 2, 1 3 , 1 7, 1 8-octaethylporphin 
magnesium, 5,10,15,20-tetraphenylporphin, 5,10,15,20-tetraphenylporphin copper, 
5,10,1 5,20-tetrapyridylporphin, 5,10,1 5,20-tetraazaporphyrin, 

2,3 ,7,8, 1 2, 1 3 , 1 7, 1 8-octaethyl-5 , 10,1 5,20-tetraazaporphyrin, 
2,7, 1 2,1 7-tetra-t-butyl-5, 1 0, 1 5,20-tetraazaporphyrin, 
5,10,1 5,20-tetraphenyl-5, 1 0, 1 5,20-tetraazaporphyrin, 

5,10,15,20-tetraphenyl-5,10,15,20-tetraazaporphyrin copper and the like can be cited. 
Each of them can be used by itself, or two or more kinds of them can be used in 
combination. Of these, 5 , 1 0, 1 5 ,20-tetraphenylporphyrin is preferable. 
[0034] 
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The carbazoles can be selected arbitrarily from known ones according to the object, 

without a special limitation. For example, carbazole, 3-aminocarbazole, 2-amino 

carbazole, 3-amino-N-9-ethyl carbazole, 9-methyl carbazole, 4H-pyrazino [2,3-b] 

carbazole, 7H-pyrazino [2,3-b] carbazole, and the like can be cited. 

Each of them can be used by itself, or two or more kinds of them can be used in 

combination. Of these, carbazole is preferable. 

[0035] 

As for weight-average molecular weight (Mw) of the organic low molecular compound, 
there is no special limitation, and it can be selected arbitrarily according to the object. 
For example, 200 or less is preferable. 

When the weight-average molecular weight (Mw) is over 200, the deposition 
dispersibility deteriorates, and uniform dispersion in the positive electrode contact layer 
may be impossible. 
[0036] 

As for hole mobility (u.) of the organic low molecular compound before dispersion or 

after polymerization treatment, there is no special limitation, and it can be selected 

arbitrarily according to the other object, but the larger it is, the more preferable. 

When the hole mobility (u) is less than lOxlO" 6 cm 2 /Vs, the hole injection property or 

the hole transport property may not be enough. 

[0037] 

In the case of the first form, as for a mixing molar ratio of the amines and at least one 
kind of organic low molecular compound selected from phthalocyanines, porphyrins 
and carbazoles (amines: organic low molecular compound), there is no special 
limitation and it can be selected arbitrarily according to the object. For example, 1: 
100 to 100: 1 is preferable, in respect that fluctuation of the composition in the positive 
electrode contact layer increases (crystallization occurs less) and the glass-transition 
temperature (Tg) can be improved. Especially, 5: 100 to 100: 5 is more preferable. 
The closer the mixing molar ratio is to 100: 100, the more advantageous it is in respect 
that the fluctuation of the composition in the positive electrode contact layer increases 
(crystallization occurs less), the glass-transition temperature (Tg) can be improved, and 
composition control by deposition becomes easier. On the other hand, when the 
mixing molar ratio is out of the above-described value range, the effect of improvement 
in the glass-transition temperature (Tg) may not be enough. 
[0038] 

The inorganic compound can be selected arbitrarily from known ones according to the 
object, without a special limitation. For example, a p-type compound semiconductor, a 
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p-type oxide semiconductor and the like can be cited. In the case of the second form in 
which the inorganic compound and the organic low molecular compound are used in 
combination, controllability of the deposition amount of the inorganic compound is 
better than that of the organic low molecular compound, and a mixture of the inorganic 
compound and the organic low molecular compound is thermally stable and its heat 
conductance is good, which is effective in restraining crystallization of the hole contact 
layer. As for the inorganic compound, one kind can be used by itself, or two or more 
kinds can be used in combination. 
[0039] 

As the p-type compound semiconductor, sulfide of cadmium, sulfide of zinc, sulfide of 
lead, sulfide of silver, sulfide of antimony, sulfide of bismuth, selenide of cadmium, 
selenide of lead, telluride of cadmium, phosphide of zinc, phosphide of gallium, 
phosphide of indium, phosphide of cadmium, selenide of gallium-arsenic, selenide of 
copper-indium, sulfide of copper-indium, and the like can be cited as the examples. 
Each of them can be used by itself, or two or more kinds of them can be used in 
combination. 
[0040] 

As the p-type oxide semiconductor, TLO2, SnC>2, Fe203, SrTi03, WO3, ZnO, Zr02, 
Ta 2 0 5 , Nb 2 0 5 , V 2 0 5 , ln 2 0 3 , CdO, MnO, CoO, TiSr0 3 , KT1O3, Cu 2 0, Cr 2 0 3 , M0O2, 
Mn 2 03, sodium titanate, barium titanate, potassium niobate, and the like can be cited as 
the examples. Each of them can be used by itself, or two or more kinds of them can be 
used in combination. 
[0041] 

In the case of the second form, as for a mixing molar ratio of the organic low molecular 
compound and the inorganic compound (organic low molecular compound: inorganic 
compound), there is no special limitation and it can be selected arbitrarily according to 
the object. For example, 1: 100 to 100: 1 is preferable, in respect that fluctuation of 
the composition in the positive electrode contact layer increases (crystallization occurs 
less) and the glass-transition temperature (Tg) can be improved. Especially, 5: 100 to 
100: 5 is more preferable. 

The closer the mixing molar ratio is to 100: 100, the more advantageous it is in respect 
that the fluctuation of the composition in the positive electrode contact layer increases 
(crystallization occurs less), the glass-transition temperature (Tg) can be improved, and 
deposition becomes easier. On the other hand, when the mixing molar ratio is out of 
the above-described value range, the effect of improvement in the glass-transition 
temperature (Tg) may not be enough. 
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[0042] 

In the case of the second form, the organic low molecular compound and the inorganic 
compound can be used in combination in the positive electrode contact layer, or the 
organic low molecular compound and the inorganic compound can be laminated 
alternately so that the positive electrode contact layer has a laminated structure. 
[0043] 

In the case where the positive electrode contact layer is designed to have the laminated 
structure, the thickness of each layer can be selected arbitrarily according to the object, 
without a special limitation. However, the thinner it is, the more preferable, and 20 nm 
or less is preferable, and 10 nm or less is more preferable. Each can have the same 
thickness, or different thicknesses. 

When the thickness of each layer described above is over 20 nm, the glass-transition 
temperature (Tg) or the like of the positive electrode contact layer cannot be improved 
enough, and crystallization may not be retrained. Furthermore, holes may not flow to 
the light-emitting layer smoothly. 

In the case where the positive electrode contact layer is designed to have the laminated 
structure, the number of laminations can be selected arbitrarily according to the object, 
without a special limitation. 
[0044] 

In the case of the third form, the positive electrode contact layer is formed to have a 
multilayer structure in which at least two kinds of the organic low molecular 
compounds are laminated alternately. In the positive electrode contact layer of this 
third form, although the same molecules are aligned in the same plane of each layer, 
when the thickness of each layer is thin, the structure is equivalent to a dispersed 
structure. As a result, crystallization hardly occurs in the positive electrode contact 
layer, and the glass-transition temperature (Tg) can be improved. 
[0045] 

In the case of the third form, the thickness of each layer of the positive electrode contact 
layer can be selected arbitrarily according to the object, without a special limitation. 
However, the thinner it is, the more preferable. In respect that the possibility of 
unevenness of each layer overlapping with each other in thickness direction is low, even 
when the unevenness is generated by a heat treatment, and influence of a current 
leakage due to the unevenness can be reduced, 20 nm or less is preferable, and 10 nm or 
less is more preferable. Each layer can have the same thickness, or different 
thicknesses. 

When the thickness of each layer described above is over 20 nm, the glass-transition 



15/44 



English Translation of JP2005-26121 



temperature (Tg) or the like of the positive electrode contact layer cannot be improved 
enough, and crystallization may not be retrained. Furthermore, holes may not flow to 
the light-emitting layer smoothly. 
[0046] 

In the case of the third form, the number of laminations of the positive electrode contact 
layer can be selected arbitrarily according to the object, without a special limitation. 
[0047] 

In the case of the fourth form, as the movement-restraining compound mixed with the 
compounds having a hole injection property, a steric structure compound, a vapor 
deposition polymerization compound, a photo polymerization compound, a heat 
polymerization compound and the like can be preferably cited as the examples. 
[0048] 

The steric structure compound can be selected arbitrarily from known ones, according 

to the object, without a special limitation. For example, tetraaryhnethanes such as 

tetraphenylmethane shown by the structure formula (4) below can be cited. 

Each of them can be used by itself, or two or more kinds of them can be used in 

combination. 

The steric structure compound has a steric structure (for example, the 
tetraphenylmethane has a tetrahedral structure), which is preferable in respect that 
fluctuation of the intermolecular distance increases (crystallization occurs less) and the 
glass-transition temperature (Tg) can be improved when mixed with a molecule having 
another structure, and the positive electrode contact layer can be easily formed by 
deposition. 
[0049] 
[Chem 8] 

[0050] 

The vapor deposition polymerization compound can be selected arbitrarily from know 
ones, according to the object, without a special limitation. An epoxy resin monomer, a 
polycinnamate resin monomer, a polycarbene resin monomer, a polyamino resin 
monomer, a polyimide resin monomer, a polyamide-imide resin monomer, a 
polycarbohydrazide resin monomer, a polycarboxylic acid chloride resin monomer, a 
polyazomethine resin monomer, a polyvinyl chloride resin monomer, a carbonate resin 
monomer, an urea resin monomer, a polystyrene resin monomer, a polyacrylic resin 
monomer, a polyurethane resin monomer, and the like can be cited as the examples. 
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Each of them can be used by itself, or two or more kinds of them can be used in 

combination. Of these, the polyimide resin monomer is preferable. 

[0051] 

The photo polymerization compound or the heat polymerization compound can be 
selected arbitrarily from know ones, according to the object, without a special limitation. 
A styrene group-containing monomer, a siloxane group-containing monomer, a vinyl 
group-containing monomer, an acetyl group-containing monomer, an epoxy 
group-containing monomer, an acrylic group-containing monomer and the like can be 
cited as the examples. 

Each of them can be used by itself, or two or more kinds of them can be used in 

combination. Of these, the acrylic group-containing monomer is preferable. 

[0052] 

In the case where the vapor deposition polymerization compound, photo polymerization 
compound or the heat polymerization compound is used in the positive electrode 
contact layer, it is advantageous in respect that a network structure can be formed by 
performing a polymerizing treatment after a film is formed as the positive electrode 
contact layer, movement of molecules can be restrained effectively, crystallization 
hardly occurs, and the glass-transition temperature (Tg) can be improved. 
[0053] 

In the case of the fourth form, as for a mixing molar ratio of the compounds having a 
hole injection property and the movement-restraining compound (compounds having a 
hole injection property: movement-restraining compound), there is no special limitation 
and it can be selected arbitrarily according to the object. For example, 1 : 100 to 100: 1 
is preferable, in respect that fluctuation of the composition in the positive electrode 
contact layer increases (crystallization occurs less) and the glass-transition temperature 
(Tg) can be improved. Especially, 5: 100 to 100: 5 is more preferable. 
The closer the mixing molar ratio is to 100: 100, the more advantageous it is in respect 
that the fluctuation of the composition in the positive electrode contact layer increases 
(crystallization occurs less), the glass-transition temperature (Tg) can be improved, and 
composition control by deposition becomes easier. On the other hand, when the 
mixing molar ratio is out of the above-described value range, the effect of improvement 
in the glass-transition temperature (Tg) may not be enough. 
[0054] 

In the case of the first form to the fourth form, the positive electrode contact layer is 
formed all over the surface of the positive electrode or on a part of the electrode surface. 
In the case of the fifth form, different compounds having a hole injection property are 
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spatially arranged on the surface of a positive electrode of the single pixel, adjacent to 
each other, so as to form the positive electrode contact layer. 

In the case of the fifth form, it is preferable that the positive electrode contact layer is 
formed into a pattern with at least two kinds of organic low molecular compounds 
selected from the compounds having a hole injection property, applied separately. In 
this case, the separate application can be performed using a shadow mask, and in the 
same way as the case where the positive electrode contact layer is formed by the 
mixture or the case where the positive electrode contact layer is made to have the 
laminated structure, crystallization can be restrained effectively. In this case, it is 
preferable that the area of each pattern region in one pixel, which is formed by the 
separate application, is small, in order to restrain crystallization. 

In the case where the positive electrode contact layer is formed by the separate 
application, the formation can be selected arbitrarily according to the object, without a 
special limitation. A lattice pattern, a checkerboard pattern and the like can be 
preferably cited as the examples. 
[0055] 

The thickness of the positive electrode contact layer can be selected arbitrarily 
according to the object, without a special limitation, and 20 nm or less is preferable. In 
the case where the positive electrode contact layer has a laminated structure, the 
thickness of each layer is preferably the same. 

When the thickness of the positive electrode contact layer is over 20 nm, the 
glass-transition temperature (Tg) or the like of the positive electrode contact layer 
cannot be improved enough, and crystallization may not be restrained. 
[0056] 

The surface roughness of the positive electrode contact layer can be selected arbitrarily 
according to the object, without a special limitation. For example, 20 nm or less 
measured by a probing type step-meter is preferable, and 15 nm or less is more 
preferable. 

When the surface roughness is over 20 nm, influence of a current leakage due to 

unevenness of the surface may increase. 

[0057] 

As described above, an organic EL element of the invention has a laminated organic 
thin film layer between a positive electrode and a negative electrode, and has other 
layers selected arbitrarily according to need. A specific layer structure can be selected 
arbitrarily according to the object, without a special limitation, and the following (1) to 
(15) can be preferably cited as the examples: (1) positive electrode/ hole injection layer/ 



18/44 



English Translation of JP2005-26121 



hole transport layer/ light-emitting layer/ electron transport layer/ electron injection 
layer/ negative electrode; (2) positive electrode/ hole injection layer/ hole transport 
layer/ light-emitting layer/ electron transport layer/ negative electrode; (3) positive 
electrode/ hole injection and transport layer (hole transport layer)/ light-emitting layer/ 
electron transport layer/ electron injection layer/ negative electrode; (4) positive 
electrode/ hole injection and transport layer (hole transport layer)/ light-emitting layer/ 
electron transport layer/ negative electrode; (5) positive electrode/ hole injection layer/ 
hole injection and transport layer (hole transport layer)/ light-emitting and electron 
transport layer/ electron injection layer/ negative electrode; (6) positive electrode/ hole 
injection layer/ hole transport layer/ light-emitting and electron transport layer/ negative 
electrode; (7) positive electrode/ hole injection and transport layer (hole transport layer)/ 
light-emitting and electron transport layer/ electron injection layer/ negative electrode; 
(8) positive electrode/ hole transport layer; light-emitting and electron transport layer/ 
negative electrode; (9) positive electrode/ hole injection layer/ hole transport and 
light-emitting layer/ electron transport layer/ electron injection layer/ negative electrode; 
(10) positive electrode/ hole injection layer/ hole transport and light-emitting layer/ 
electron transport layer/ negative electrode; (11) positive electrode/ hole injection and 
transport and light-emitting layer (hole transport and light-emitting layer)/ electron 
transport layer/ electron injection layer/ negative electrode; (12) positive electrode/ hole 
injection and transport and light-emitting layer (hole transport and light-emitting layer)/ 
electron transport layer/ negative electrode; (13) positive electrode/ hole injection and 
transport and light-emitting and electron transport layer (hole transport and 
light-emitting and electron transport layer)/ negative electrode; (14) positive electrode/ 
hole injection and transport layer/ light-emitting layer/ electron transport layer/electron 
injection layer/ negative electrode; (15) positive electrode/ hole injection and transport 
layer/ light-emitting and electron transport layer/ negative electrode. 
[0058] 

In the case where the organic EL element has the hole blocking layer, in the (1) to (15), 
a layer structure in which the hole blocking layer is placed between the light-emitting 
layer and the electron transport layer is preferably used. In addition, in the (1) to (15), 
the hole injection layer or the hole injection and transport layer contacting with the 
positive electrode directly corresponds to the positive electrode contact layer. In the 
case where the hole transport layer is provided on the hole injection layer contacting 
with the positive electrode directly, especially the hole injection layer corresponds to the 
positive electrode contact layer. 
[0059] 
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Here, an organic EL element having a structure of the (15) positive electrode/ hole 
injection and transport layer/ light-emitting and electron transport layer/ negative 
electrode is shown in Fig. 2. An organic EL element 10 has a layered structure in 
which a positive electrode 14 (an ITO electrode, for example) formed on a glass 
substrate 12, a hole injection and transport layer 16, a light-emitting and electron 
transport layer 20 and a negative electrode 22 (an Al-Li electrode, for example) are 
laminated in this order. The positive electrode 14 and the negative electrode 22 are 
connected to each other via a power supply. In this organic EL element 10, the hole 
injection and transport layer 16 and the light-emitting and electron transport layer 20 
form an organic thin film layer 8. 
[0060] 

Hereinafter, each layer of the organic EL element of the invention, except the positive 

electrode contact layer, will be described. 

[0061] 

- Positive electrode - 

The positive electrode can be selected arbitrarily according to the object, without a 
special limitation, but one which can supply holes (carriers) to the hole injection layer is 
preferable. 
[0062] 

A material for the positive electrode can be selected arbitrarily according to the object, 
without a special limitation. An electro-conductive compound such as a metal and 
metal oxide, and a mixture of these can be cited as the examples, and of these, a 
material of which work function is 4 eV or more is preferable, in terms of easiness of 
injecting holes to the organic thin film layer. 

As the specific examples of a material for the positive electrode, a conductive metal 
oxide such as tin oxide, zinc oxide, indium oxide and indium tin oxide (ITO), a metal 
such as gold, silver, chrome and nickel, a mixture or laminated body of these metal and 
conductive metal oxide, an inorganic conductive material such as copper iodide and 
copper sulfide, an organic conductive material such as polyaniline, polythiophene and 
polypyrrole, a laminated body of these and ITO, and the like can be cited. Each of 
them can be used by itself, or two or more kinds of them can be used in combination. 
Of these, a conductive metal oxide is preferable, and ITO is especially preferable, in 
terms of the productivity, conductivity, transparency and the like. 
[0063] 

The thickness of the positive electrode can be selected arbitrarily according to the 
material and the like, without a special limitation. From the standpoint of balance 
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between the electric resistance and light absorption, 1 to 5000 nm is preferable, and 20 

to 200 nm is more preferable. 

[0064] 

The positive electrode is usually formed on a substrate of glass such as soda lime glass 
and alkali-free glass, transparent resin or the like. 

In the case of using the glass as the substrate, the alkali-free glass or the soda lime glass 
provided with a barrier coat such as silica is preferable, from the standpoint of reducing 
eluting ions from the glass. 

As for the thickness of the substrate, there is no special limitation as long as it is thick 
enough to maintain mechanical strength. However, in the case of using glass as the 
substrate, the thickness is usually 0.2 mm or more, and 0.7 mm or more is preferable. 
[0065] 

The positive electrode can be preferably formed by deposition, a wet film-forming 
method, an electron beam method, sputtering, reactive sputtering, an MBE (molecular 
beam epitaxy) method, a cluster ion beam method, an ion plating method, a plasma 
polymerization method (high-frequency excitation ion plating method), a molecular 
stacking method, an LB method, printing, a transfer method, a method in which 
dispersed substance of the ITO is applied by a chemical reaction method (sol-gel 
method or the like), and the like, for example. 

The positive electrode can decrease a driving voltage of the organic EL element by 
performing cleaning or other treatments. As the other treatments, a UV-ozone 
treatment, a plasma treatment and the like can be preferably cited as the examples, in 
the case where a material of the positive electrode is ITO. 
[0066] 

- Light-emitting layer - 

The light-emitting layer can get holes injected from the positive electrode, the hole 
injection layer, the hole transport layer or the like, and can get electrons injected from 
the negative electrode, the electron injection layer, the electron transport layer or the 
like, when an electric field is applied. Furthermore, it provides a space for 
recombination of the holes and the electrons, and contains a luminescence material 
which emits light of a desired color by recombination energy generated at the time of 
the recombination. 
[0067] 

The luminescence material can be selected arbitrarily from known ones according to the 
object, without a special limitation. A green luminescence material, a blue 
luminescence material, a yellow luminescence material, a red luminescence material 
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and the like can be cited as the examples. 

The green luminescence material is not limited specially, as long as it can emit green 
light, and an alurniquinolium complex, a benzoquinolinol Be complex and the like can 
be cited as the examples. 

The blue luminescence material is not limited specially, as long as it can emit blue light, 
and a benzoxazole Zn complex, a quinolinols complex and the like can be cited as the 
examples. 

The yellow luminescence material is not limited specially, as long as it can emit yellow 
light, and a four-coordinated complex of 8-quinolinol with Zn and the like can be cited 
as the examples. 

The red luminescence material is not limited specially, as long as it can emit red light, 
and DCM pigment (C. W. Tang, S. A. VanSlyke, and C. H. Chen, Applied Physics 
Letters vol. 65, 3610 (1989)), a porphin compound or porphyrin compound with red 
fluorescent luminescence (Japanese Patent Laid-Open Publication No. 9-13024, 
Japanese Patent Laid-Open Publication No. 9-296166, Japanese Patent Laid-Open 
Publication No. 11-251061, Japanese Patent Laid-Open Publication No. 11-251062, 
International Publication No. WO98/00474), a bisanthrene compound with red 
fluorescent luminescence (Japanese Patent Laid-Open Publication No. 11-144868) and 
the like can be cited as the examples. 
[0068] 

The light-emitting layer can be formed according to a known method, and for example, 

it can be preferably formed by deposition. 

[0069] 

As for the thickness of the light-emitting layer, 1 to 50 nm is preferable, and 3 to 20 nm 
is more preferable. 

When the thickness of the light-emitting layer is wimin the preferable range, 
light-emitting efficiency of the light emitted by the organic EL element is enough. 
When the thickness of the light-emitting layer is within the more preferable range, it is 
advantageous in respect that the above-described effect is outstanding. 
[0070] 

The light-emitting layer can be designed as a light-emitting and electron transport layer 
or a light-emitting and hole transport layer which has functions of the hole transport 
layer, the electron transport layer and the like also. 

It is preferable that the light-emitting layer, or the light-emitting and electron transport 
layer, light-emitting and hole transport layer or the like contains the luminescence 
material as a guest material, and that a luminescence wavelength of the host material is 
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in the vicinity of a light absorption wavelength of the guest material. 
[0071] 

In the case where the guest material and the host material are used in combination, when 
organic EL luminescence is generated, the host material is excited first. And, in the 
case where the luminescence wavelength of the host material overlaps with the 
absorption wavelength of the guest material, excitation energy transfers from the host 
material to the guest material effectively, the host material returns to the ground state 
without emitting light, and only the guest material which has become the excited state 
emits the excitation energy as light, which means the light-emitting efficiency is 
excellent. 
[0072] 

In addition, generally, in the case where luminous molecules exist as a single film or in 
a thin film at a high concentration, an interaction among the luminous molecules occurs 
by the luminous molecules moving closer to each other, and a phenomenon where 
light-emitting efficiency decreases, which is called "concentration quenching" occurs. 
However, in the case where the guest material and the host material are used in 
combination, the "concentration quenching" is restrained effectively since the guest 
compound is dispersed in the host compound at a relatively low concentration, which is 
advantageous in respect that the light-emitting efficiency is excellent. 
[0073] 

The host material can be selected arbitrarily according to the object, without a special 
limitation, and a material of which the luminescence wavelength is in the vicinity of the 
light absorption wavelength of the guest material is preferable. 
[0074] 

The low molecular host material can be selected arbitrarily according to the object, 
without a special limitation, and an aromatic amine derivative shown by the structure 
formula (6) below, a carbazole derivative shown by the structure formula (8) below, an 
oxine complex shown by the structure formula (10) below, a 1,3,6,8-tetraphenylpyrene 
compound shown by the structure formula (12) below, a distyrylarylene derivative 
shown by the structure formula (14) below, p-sexiphenyl shown by the structure 
formula (15) below, 9,9'-biantolyl shown by the structure formula (16) and the like can 
be preferably cited as the examples. 
[0075] 
[Chem 9] 
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[0076] 

In the structure formula (6), "n" shows an integer 2 or 3. "Ar" shows a divalent or 
trivalent aromatic group, or a heterocyclic aromatic group. "R u " and "R 12 " can be the 
same as each other, or different from each other, and show a monovalent aromatic group 
or a heterocyclic aromatic group. The monovalent aromatic group or heterocyclic 
aromatic group can be selected arbitrarily according to the object, without a special 
limitation. 
[0077] 

Of the aromatic amine derivative shown by the structure formula (6), 
N,N'-dinaphthyl-N,N'-diphenyl-[l,r-biphenyl]-4,4'-diamine (NPD) shown by the 
structure formula (7) and the derivative are preferable. 
[0078] 
[Chem 10] 



[0079] 
[Chem 11] 

In the structure formula (8), "Ar" shows a divalent or trivalent group including an 
aromatic ring, or a divalent or trivalent group including a heterocyclic aromatic ring, 
shown below. 
[0080] 
[Chem 12] 

These can be substituted by a group with a nonconjugate property. In addition, "R" 

shows a coupling group, and those shown below can be preferably cited as the 

examples. 

[0081] 

[Chem 13] 

[0082] 

In the structure formula (8), "R 13 " and "R 14 " independently show a hydrogen atom, a 
halogen atom, an alkyl group, an aralkyl group, an alkenyl group, an aryl group, a cyano 
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group, an amino group, an acyl group, an alkoxycarbonyl group, a carboxyl group, an 

alkoxy group, an alkylsulfonyl group, a hydroxyl group, an amido group, an aryloxy 

group, an aromatic hydrocarbon ring group, or an aromatic heterocyclic group, and 

these can be further substituted by a substitution group. 

In the structure formula (8), "n" shows an integer, and 2 or 3 is preferable. 

[0083] 

Of the carbazole derivative shown by the structure formula (8), one with "Ax" as an 
aromatic group in which two benzene rings are connected via a single bond, and "R 13 " 
and "R 14 " as hydrogen atoms, and with n=2, that is, 4,4' -bis (9-carbazolyl)-biphenyl 
(CBP) shown by the structure formula (9) below and one selected from the derivatives 
are preferable in respect that these are excellent especially in light-emitting efficiency 
and the like. 
[0084] 
[Chem 14] 



[0085] 
[Chem 15] 



In the structure formula (10), "R 15 " shows a hydrogen atom or a monovalent 

hydrocarbon radical. 

[0086] 

Of the oxine complex shown by the structure formula (10), an aluminum quinoline 
complex (Alq) (the dominant luminescence wavelength= 530 nm) shown by the 
structure formula (11) below is preferable. 
[0087] 
[Chem 16] 



[0088] 
[Chem 17] 

In the structure formula (12), "R 16 " to "R 19 " can be the same as each other, or different 
from each other, and show hydrogen atoms or substitution groups. As for the 
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substitution group, an alkyl group, a cycloalkyl group or an aryl group can be preferably 

cited as the examples, and these can be further substituted by a substitution group. 

Of the 1,3,6,8-tetraphenylpyrene shown by the structure formula (12), one with "R 16 " to 

"R 19 " as hydrogen atoms, that is, the 1,3,6,8-tetraphenylpyrene shown by the structure 

formula (13) below is preferable in respect that it is excellent in the light-emitting 

efficiency and the like. 

[0089] 

[Cheml8] 



[0090] 
[Chem 19] 



[0091] 
[Chem 20] 



[0092] 
[Chem 21] 



[0093] 

- Hole blocking layer - 

The hole blocking layer can be selected arbitrarily according to the object, without a 
special limitation. For example, one having a function of blocking holes injected from 
the positive electrode is preferable. 

A material for the hole blocking layer can be selected arbitrarily according to the object, 

without a special limitation. 

[0094] 

When the organic EL element has the hole blocking layer, holes transported from the 
positive electrode side are blocked by the hole blocking layer, and electrons transported 
from the negative electrode pass through the hole blocking layer and reach the 
light-emitting layer, so that recombination of the electrons and the holes occurs 
effectively in the light-emitting layer. In this way, recombination of the holes and the 
electrons in an organic thin film layer other than the light-emitting layer can be 
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prevented, and intended light emission from the luminescence material is obtained 
effectively. 

It is preferable that the hole blocking layer is placed between the light-emitting layer 

and the electron transport layer. 

[0095] 

The thickness of the hole blocking layer can be selected arbitrarily according to the 
object, without a special limitation. For example, usually it is approximately 1 to 500 
nm, and 10 to 50 nm is preferable. 

The hole blocking layer can have a monolayer structure, or a laminated structure. 

The hole blocking layer can be formed by deposition. 

[0096] 

- Electron transport layer - 

The electron transport layer can be selected arbitrarily according to the object, without a 
special limitation. For example, one having either a function of transporting electrons 
from the negative electrode or a function of blocking holes injected from the positive 
electrode is preferable. 
[0097] 

A material for the electron transport layer can be selected arbitrarily according to the 
object, without a special limitation, and a quinoline derivative such as the aluminum 
quinoline complex (Alq), an oxadiazole derivative, a triazole derivative, a 
phenanthroline derivative, a perylene derivative, a pyridine derivative, a pyrimidine 
derivative, a quinoxaline derivative, a diphenylquinone derivative, a nitro-substituted 
fluorene derivative and the like can be cited as the examples. 
[0098] 

The thickness of the electron transport layer can be selected arbitrarily according to the 
object, without a special limitation. For example, usually it is approximately 1 to 500 
nm, and 10 to 50 nm is preferable. 

The electron transport layer can have a monolayer structure, or a laminated structure. 
[0099] 

In this case, as an electron transport material used for the electron transport layer 
adjacent to the light-emitting layer, an electron transport material of which optical 
absorption edge is shorter wavelength than the 1,3,6,8-tetrasubstituted pyrene 
compound is preferable from the standpoint of limiting a light-emitting region in the 
organic EL element to the light-emitting layer and preventing unnecessary light 
emission from the electron transport layer. As an electron transport material of which 
optical absorption edge is shorter wavelength than the 1,3,6,8-tetrasubstituted pyrene 
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compound, a phenanthroline derivative, an oxadiazole derivative, a triazole derivative 
and the like can be cited as the examples, and 
2,9-dimethyl-4,7-diphenyl-l,10-phenanthroline (BCP) shown by the structure formula 
(18) below, 2-(4-tert-butylphenyl)-5-(4-biphenylyl)-l ,3,4-oxadiazole, 

3-phenyl-4-(l-naphthyl)-5-phenyl-l,2,4-triazole, 

3-(4-tert-butylphenyl)-4-phenyl-5-(4'-biphenylyl)-l,2,4,-triazole and the like can be 
preferably cited. 
[0100] 
[Chem 22] 



[0101] 
[Chem 23] 



[0102] 
[Chem 24] 



[0103] 
[Chem 25] 

The electron transport layer can be formed by deposition. 
[0104] 

- Electron injection layer - 

The electron injection layer can be selected arbitrarily according to the object, without a 
special limitation. For example, one having a function of injecting electrons from the 
negative electrode and transporting them to the electron transport layer is preferable. 
[0105] 

A material for the electron injection layer can be selected arbitrarily according to the 
object, without a special limitation. Alkali metal fluoride such as lithium fluoride, 
alkali earth metal fluoride such as strontium fluoride and the like can be cited as the 
examples. 
[0106] 

The thickness of the electron injection layer can be selected arbitrarily according to the 
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object, without a special limitation. For example, usually it is approximately 0.1 to 10 
nm, and preferably 0.5 to 2 nm in terms of easiness of injecting electrons to the organic 
thin film layer. 

The electron injection layer can be formed by deposition. 
[0107] 

- Negative electrode - 

The negative electrode can be selected arbitrarily according to the object, without a 
special limitation, and it is preferable that it can supply electrons to the organic thin film 
layer, specifically, to the light-emitting layer in the case where the organic thin film 
layer has only the light-emitting layer, to the electron transport layer in the case where 
the organic thin film layer has the electron transport layer further, and to the electron 
injection layer in the case where the electron injection layer is provided between the 
organic thin film layer and the negative electrode. 
[0108] 

A material for the negative electrode can be selected arbitrarily according to 
adhesiveness to a layer or molecules to which the negative electrode is adjacent, such as 
the electron transport layer and the light-emitting layer, the ionization potential, stability 
and the like, without a special limitation. A conductive compound such as a metal and 
a metal oxide, a mixture of these and the like can be cited as the examples. 
[0109] 

As specific examples of the material for the negative electrode, an alkali metal (Li, Na, 
K, and Cs, for example), an alkaline earth metal (Mg and Ca, for example), gold, silver, 
lead, aluminum, a sodium-potassium alloy, or a mixed metal of these, a 
lithium-aluminum alloy, or a mixed metal of these, a magnesium-silver alloy, or a mixed 
metal of these, a rare-earth metal such as indium and ytterbium, and an ally of these, 
and the like can be cited. 
[0110] 

Each of them can be used by itself, or two or more kinds of them can be used in 
combination. Of these, a material of which work function is 4 eV or less is preferable, 
and aluminum, a lithium-aluminum alloy, or a mixed metal of these, a magnesium-silver 
alloy, or a mixed metal of these are more preferable. 
[0111] 

The thickness of the negative electrode can be selected arbitrarily according to the 
material of the negative electrode and the like, without a special limitation. It is 
preferably 1 to 10000 nm, and more preferably 20 to 200 nm. 
[0112] 
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The negative electrode can be preferably formed by deposition, a wet film-forming 
method, an electron beam method, sputtering, reactive sputtering, an MBE (molecular 
beam epitaxy) method, a cluster ion beam method, an ion plating method, a plasma 
polymerization method (high-frequency excitation ion plating method), a molecular 
stacking method, an LB method, printing, a transfer method and the like, for example. 
[0113] 

In the case where two or more kinds of materials are used for the negative electrode, the 
two or more kinds of materials can be deposited simultaneously to form an alloy 
electrode or the like, or an alloy electrode or the like can be formed by depositing an 
alloy prepared in advance. 
[0114] 

The resistance of the positive electrode and the negative electrode is preferably low, and 

several hundred QJD or less is preferable. 

[0115] 

- Other layers - 

The organic EL element of the invention can have other layers selected arbitrarily 
according to the object. As the other layers, for example, a protection layer and the 
like can be preferably cited as the example. 
[0116] 

The protection layer can be selected arbitrarily according to the object, without a special 
limitation. For example, one which can prevent molecules or a material promoting 
deterioration of the organic EL element, such as water and oxygen, from coming in the 
organic EL element is preferable. 
[0117] 

As for a material for the protection layer, metals such as In, Sn, Pb, Au, Cu, Ag, Al, Ti, 
Ni, metal oxides such as MgO, SiO, Si0 2 , A1 2 0 3 , GeO, NiO, CaO, BaO, Fe 2 0 3 , Y 2 0 3 , 
Ti0 2 , nitrides such as SiN, SiN x O y , metal fluorides such as MgF 2 , LiF, A1F 3 , CaF 2 , 
polyethylene, polypropylene, polymethylmethacrylate, polyimide, polyurea, 
polytetrafluoroethylene, polychlorotrifluoroethylene, polydichlorodifluoroethylene, a 
copolymer of chlorotrifluoroethylene and dichlorodifluoroethylene, a copolymer 
obtained by copolymerizing tetrafluoroethylene and monomer mixture containing at 
least one kind of comonomer, a fluorme-containing comonomer having a cyclic 
structure in the comonomer main chain, a water-absorbing substance of which the water 
absorption coefficient is 1 % or more, a hygroscopic substance of which the water 
absorption coefficient is 1 % or less, and the like can be cited as the examples. 
[0118] 
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The protection layer can be preferably formed by deposition, a wet film-forming 
method, sputtering, reactive sputtering, an MBE (molecular beam epitaxy) method, a 
cluster ion beam method, an ion plating method, a plasma polymerization method 
(high-frequency excitation ion plating method), printing, a transfer method and the like, 
for example. 
[0119] 

Luminescent colors of the organic EL element of the invention can be the desired 
luminescent colors by selecting a material for the light-emitting layer arbitrarily 
according to the object, without a special limitation. 

From the standpoint of an applied voltage of the organic EL element of the invention, it 

is desired that light is emitted with a voltage of 10 V or less, and it is preferable that 

light is emitted with a voltage of 7 V or less, more preferably 5 V or less. 

As for light-emitting luminance of the organic EL element of the invention, from a 

practical standpoint, it is preferably 100 cd/m 2 or more when the applied voltage is 10 V, 

500 cd/m 2 or more is more preferable, and 1000 cd/m 2 or more is especially preferable. 

[0120] 

The organic EL element of the invention can be preferably used in various fields such as 
a computer, an in-car indicator, an outdoor indicator, household equipment, commercial 
equipment, a household electrical appliance, a traffic indicator, a clock indicator, a 
calendar indicator, a luminescent screen, audio equipment, and also preferably used for 
an organic EL display of the invention described later. 
[0121] 

A manufacturing method of the organic EL element of the invention is not limited 
specially. The organic EL element of the invention below can be preferably 
manufactured by known methods such as deposition, for example, according to the 
object. 
[0122] 

(Manufacturing method of the organic EL element) 

A manufacturing method of an organic EL element of the invention is a method for 
manufacturing the organic EL element of the invention, either (1) including the step of 
forming a positive electrode contact layer by codeposition of at least two kinds of low 
molecular compounds on a positive electrode, which is a first mode, (2) including the 
step of forming a positive electrode contact layer by continuously laminating at least 
two kinds of low molecular compounds alternately on a positive electrode by vacuum 
deposition, which is a second mode, or (3) including the step of forming a positive 
electrode contact layer of one pixel in which at least two kinds of the organic low 
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molecular compounds are applied separately on a positive electrode by using a shadow 
mask, which is a third mode. 

In the first mode to the third mode, steps other than the step of forming the positive 
electrode contact layer can be selected arbitrarily according to the object, without a 
special limitation. 

As for the low molecular compounds, ones selected from the above-described organic 
low molecular compounds and the above-described inorganic compounds can be 
preferably cited as the examples. 
[0123] 

The codeposition of the first mode is a method in which molecules are blown in a 
vacuum from a plurality of deposition sources simultaneously. 

The molecules blown from the deposition sources can be selected arbitrarily according 
to the object, without a special limitation. For example, at least two kinds of the 
organic low molecular compounds, the organic low molecular compound and the 
inorganic compound, or the like can be cited. 

The condition, apparatus and the like of the codeposition can be selected from known 
ones according to the object, without a special limitation. 

In the first mode, a flush evaporation method can be used instead of the codeposition. 
[0124] 

Here, one example of the first mode will be described. First, a glass substrate on 
which an ITO electrode as the positive electrode is formed is ultrasonic-cleaned using 
water, acetone and isopropyl alcohol, and a UV ozone treatment is performed. After 
that, on the ITO electrode, a mixture in which triphenyl diamine (TPD) 100 mol% and 
copper phthalocyanine (CuPc) 20 mol% are mixed is deposited as the hole injection and 
transport layer to a thickness of 150 nm by codeposition. Next, tris 
(8-hydroxyquinolio) aluminum (Alq 3 ) is deposited on the hole injection and transport 
layer to a thickness of 50 nm under a condition of deposition speed 0.1 nm/s, so as to 
form the light-emitting and electron transport layer. Then, an Al-Li alloy (contained 
amount of Li = 0.5 mass%) is deposited on the light-emitting and electron transport 
layer to a thickness of 50 nm under a condition of deposition speed 0.2 nm/s, so as to 
form the negative electrode. In this way, the organic EL element is manufactured. 
[0125] 

The vacuum deposition of the second mode can be selected from known ones according 
to the object, without a special limitation. 

The condition, apparatus and the like of the vacuum deposition can be selected from 
known ones according to the object, without a special limitation. 
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One example of the second mode will be described. For example, first, a glass 
substrate on which an ITO electrode as the positive electrode is formed is 
ultrasonic-cleaned using water, acetone and isopropyl alcohol, and a UV ozone 
treatment is performed. After that, on the ITO electrode, triphenyl diamine (TPD) and 
copper phthalocyanine (CuPc) are laminated alternately (eight layers of CuPc and seven 
layers of TPD) by vacuum deposition so that the thickness of each layer becomes 10 nm, 
and the hole injection and transport layer having a laminated structure with the whole 
thickness of 150 nm is formed. Next, tris (8-hydroxyquinolio) aluminum (Alq 3 ) is 
deposited on the hole injection and transport layer to a thickness of 50 nm under a 
condition of deposition speed 0.1 nm/s, so as to form the light-emitting and electron 
transport layer. Then, an Al-Li alloy (contained amount of Li = 0.5 mass%) is 
deposited on the light-emitting and electron transport layer to a thickness of 50 nm 
under a condition of deposition speed 0.2 nm/s, so as to form the negative electrode. 
In this way, the organic EL element is manufactured. 
[0126] 

The separate application of the third mode can be performed according to a method 
selected arbitrarily according to the object, and it can be performed by deposition using 
a metal shadow mask, for example. Specifically, it can be performed by depositing 
two or more kinds of compounds selected from the compounds having a hole injection 
property sequentially, every time the shadow mask (aperture diameter: 50x100 um 2 ) 
moves (50 um, for example). 
[0127] 

According to the manufacturing methods of the organic EL element of the invention 
described above, the organic EL element of the invention can be manufactured 
extremely effectively and easily. 
[0128] 

(Organic EL display) 

An organic EL display of the invention has no special limitation, except that the organic 
EL element of the invention is used, and a known structure can be arbitrarily adopted. 
[0129] 

The organic EL display can be a monochromatic light-emitting type, a multicolor 

light-emitting type, or a full color type. 

[0130] 

As for a method for making the organic EL display the full color type, as described in 
"Monthly DISPLAY", September 2000 issue, on page 33 to 37, a three color 
light-emitting method in which organic EL elements which emit lights corresponding to 
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three primary colors (blue (B), green (G), and red (R)) respectively are placed on a 
substrate, a white method in which white light emitted from an organic EL element for 
white light emission is divided into three primary colors through a color filter, a color 
conversion method in which blue light emitted from an organic EL element for blue 
light emission is converted to red (R) and green (G) through a fluorescent pigment layer, 
and the like are know as the examples. 
[0131] 

In the case of manufacturing an organic EL display of the full color type by the three 
color light-emitting method, an organic EL element for blue light emission, an organic 
EL element for red light emission and an organic EL element for green light emission 
are needed. 
[0132] 

The organic EL element for red light emission can be selected arbitrarily from known 
ones, without a special limitation. For example, one with a layer structure of ITO 
(positive electrode)/ the NPD/ DCJTB 1 % aluminum quinoline complex (Alq) shown 
by the formula below/ the Alq/ Al-Li (negative electrode), or the like can be preferably 
cited. The DCJTB is 4-dicyanomethylene-6-cp-julolidinostyryl-2-tert-butyl-4H-pyran. 
And the Alq is as described above. 
[0133] 
[Chem26] 

[0134] 

The organic EL element for green light emission can be selected arbitrarily from known 
ones, without a special limitation. For example, one with a layer structure of ITO 
(positive electrode)/ the NPD/ dimethyl quinacridone 1 % the Alq/ the Alq/ Al-Li 
(negative electrode), or the like can be preferably cited. 
[0135] 

The organic EL element for blue light emission can be selected arbitrarily from known 
ones, without a special limitation. For example, one with a layer structure of ITO 
(positive electrode)/ the NPD/ styryl amine derivative 4.5 %• styryl arylene derivative/ 
the Alq/ Al-Li (negative electrode), or the like can be preferably cited. 
[0136] 

A mode of the organic EL display can be selected arbitrarily according to the object, 
without a special limitation. For example, a passive matrix panel and an active matrix 
panel described in "NIKKEI ELECTRONICS", No. 765, March 13, 2000 issue, on page 
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55 to 62, or the like can be preferably cited. 
[0137] 

As shown in Fig. 3, the passive matrix panel is structured to have belt-like positive 
electrodes 14 (ITO electrode, for example) placed parallel to each other on a glass 
substrate 12, belt-like organic thin film layers 24 for blue light emission, organic thin 
film layers 26 for green light emission, and organic thin film layers 28 for red light 
emission placed in order, parallel to each other, and roughly perpendicular to the 
positive electrodes 14, on the positive electrodes 14, and negative electrodes 22 placed 
on the organic thin film layers 24 for blue light emission, the organic thin film layers 26 
for green light emission, and the organic thin film layers 28 for red light emission, 
having the same shapes as these, for example. 
[0138] 

As shown in Fig. 4, in the passive matrix panel, a positive electrode line 30 formed of 
the plurality of positive electrodes 14 and a negative electrode line 32 formed of the 
plurality of negative electrodes 22 intersect with each other at roughly right angles, so 
as to form a circuit, for example. Organic thin film layers 24, 26 and 28 for blue light 
emission, for green light emission and for red light emission respectively placed at each 
intersection function as pixels, and a plurality of organic EL elements 34 exist, 
corresponding to each pixel. In the passive matrix panel, when a current is applied by 
a constant current source 36 to one of the positive electrodes 14 in the positive electrode 
line 30 and to one of the negative electrodes 22 in the negative electrode line 32, a 
current is applied to the organic thin film layer located at the intersection, then the 
organic EL thin film layer in that position emits light. By controlling this 
pixel-by-pixel light emission, an image of full color can be formed easily. 
[0139] 

As shown in Fig. 5, for example, the active matrix panel is provided with a scanning 
line, a data line and a power line formed on a grid on a glass substrate 12, and has a TFT 
circuit 40 connected to the scanning line and the like forming the grid and placed in 
each grid, and a positive electrode 14 (ITO electrode, for example) placed in each grid, 
which can be driven by the TFT circuit 40. Furthermore, it has a belt-like organic thin 
film layer 24 for blue light emission, an organic thin film layer 26 for green light 
emission, and an organic thin film layer 28 for red light emission placed in order, 
parallel to each other, on the positive electrode 14, and a negative electrode 22 on the 
organic thin film layer 24 for blue light emission, the organic thin film layer 26 for 
green light emission, and the organic thin film layer 28 for red light emission, placed so 
as to cover all of these. Each of the organic thin film layer 24 for blue light emission, 
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the organic thin film layer 26 for green light emission, and the organic thin film layer 28 
for red light emission has a hole transport layer 16, a light-emitting layer 18 and an 
electron transport layer 20. 
[0140] 

As shown in Fig. 6, in the active matrix panel, a plurality of scanning lines 46 provided 
parallel to one another, and a plurality of data lines 42 and power lines 44 provided 
parallel to one another, intersect with each other at right angles, so as to form a grid. 
In each grid, a switching TFT 48 and a driving TFT 50 are connected so as to form a 
circuit. When a current is applied from a drive circuit 38, the switching TFT 48 and 
the driving TFT 50 become drivable on a grid to grid basis. And, in each grid, each of 
the organic thin film layers 24, 26 and 28 for blue light emission, for green light 
emission, and for red light emission functions as a pixel, and when a current is applied 
from a drive circuit 38 to one of the scanning lines 46 placed laterally and to a power 
line 44 placed longitudinally in the active matrix panel, the switching TFT 48 located at 
the intersection is driven, and a driving TFT 50 is driven along with that, then an 
organic EL element 52 in that position emits light. By controlling this pixel-by-pixel 
light emission, an image of full color can be formed easily. 
[0141] 

The organic EL display of the invention can be preferably used in various fields such as 
a computer, an in-car indicator, an outdoor indicator, household equipment, commercial 
equipment, a household electrical appliance, a traffic indicator, a clock indicator, a 
calendar indicator, a luminescent screen, audio equipment. 
[0142] 

[Embodiments] 

Hereinafter, embodiments of the invention will be described, but the invention is not 

limited to these embodiments. 

[0143] 

(Embodiment 1) 

- Manufacture of organic EL element - 

An organic EL element structured by laminating the organic thin film layers is 
manufactured as follows. First, a glass substrate on which an ITO electrode as the 
positive electrode is formed is ultrasonic-cleaned using water, acetone and isopropyl 
alcohol, and a UV ozone treatment is performed. After that, on the ITO electrode, a 
mixture in which triphenyl diamine (TPD) shown by the structure formula (1) below 
100 mol% and copper phthalocyanine (CuPc) shown by the structure formula (2) below 
20 mol% are mixed is deposited by condeposition to a thickness of 150 nm, so as to 
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form the hole injection and transport layer. Next, on the hole injection and transport 
layer, tris (8-hydroxyquinoline) aluminum (aluminum quinoline complex: Alq 3 ) is 
deposited to a thickness of 50 nm under a condition of deposition speed 0.1 nm/s, so as 
to form the light-emitting and electron transport layer. Then, on the light-emitting and 
electron transport layer, an Al-Li alloy (contained amount of Li = 0.5 mass%) is 
deposited to a thickness of 50 nm under a condition of deposition speed 0.2 nm/s, so as 
to form the negative electrode. In this way, the laminated organic EL element shown 
in Fig. 2 is manufactured. 
[0144] 
[Chem 27] 



[0145] 
[Chem 28] 



[0146] 

- Measurement of surface roughness - 

In order to measure surface roughness of the hole injection and transport layer, at the 
stage when the mixture in which triphenyl diamine (TPD) 100 mol% and copper 
phthalocyanine (CuPc) 20 mol% are mixed is deposited on the ITO electrode by 
condeposition to a thickness of 150 nm, it is taken out and an annealing treatment is 
performed in a vacuum at 80 °C for one hour. As for this substrate on which the 
annealing treatment is performed, the surface roughness is measured by a probing type 
step-meter (manufactured by sloan technology corporation) in the atmosphere, and the 
surface roughness is 10 nm or less. Resolution of the probing type step-meter is 
approximately 10 nm. 

Furthermore, as a comparative experiment, copper phthalocyanine (CuPc) alone is 
deposited on an ITO electrode by vacuum deposition to a thickness of 150 nm, and an 
annealing treatment is performed at 80 °C for one hour. When the surface roughness 
of this substrate on which the annealing treatment is performed is measured, the surface 
roughness is 35 nm. 
[0147] 

(Embodiment 2) 

- Manufacture of organic EL element - 

In the embodiment 1, triphenyl diamine (TPD) and copper phthalocyanine (CuPc) are 
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laminated alternately by vacuum deposition so that the thickness of each layer becomes 
10 nm (eight layers of CuPc, which makes 80 nm, and seven layers of TPD, which 
makes 70 nm) so that the hole injection and transport layer is formed to have a 
laminated structure (alternate laminated structure) with a total thickness of 150 nm. 
On the other hand, as a comparison, a laminated structure in which CuPc (80 nm) and 
TPD (70 nm) are laminated in this order (not the alternate laminated structure) is formed. 
These two are put in a vacuum, and an annealing treatment is performed at 80 °C for 
one hour. When surface roughness of each of the hole injection and transport layers is 
measured, that of the former is 25 nm, and that of the latter is 35 nm. 
[0148] 

(Embodiment 3) 

- Manufacture of organic EL element - 

In the embodiment 1, instead of using a mixture of triphenyl diamine (TPD) and copper 
phthalocyanine (CuPc) to form the hole injection and transport layer, a mixture in which 
copper phthalocyanine (CuPc) 100 mol% and acrylic resin monomer 15 mol% are 
mixed is deposited by codeposition to a thickness of 150 nm, and a light irradiation 
treatment is performed with 10 mW for five minutes, using a low-pressure mercury 
vapor lamp. After that, an annealing treatment is performed in a vacuum at 80 °C for 
one hour, and surface roughness of the hole injection and transport layer is measured. 
The surface roughness is 10 nm or less. 
[0149] 

(Embodiment 4) 

- Manufacture of organic EL element - 

In the embodiment 1, a mixture in which triphenyl diamine (TPD) 100 mol% and 
tetraphenylmethane shown by the structure formula (4) below 8 mol% are mixed is 
deposited by codeposition to a thickness of 200 nm to form the hole injection and 
transport layer. As a comparison, the hole injection and transport layer is formed by 
depositing the TPD to a thickness of 200 nm. 
[0150] 
[Chem 29] 

[0151] 

An annealing treatment is performed to these in a vacuum, at 100 °C for one hour, and 
surface roughness of each of the hole injection and transport layers is measured. 
Surface roughness of the former is 10 nm or less, and that of the latter comparison is 45 
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nm or less. 
[0152] 

(Embodiment 5) 

- Manufacture of organic EL element - 

In the embodiment 1, a mixture in which triphenyl diamine (TPD) 100 weight% and 
pyromelletic dianhydride (PMDA) 0.5 weight% and 4,4'-diaxninodiphenyl ether (ODA) 
0.5 weight% are mixed is deposited to a thickness of 200 nm, so as to form the hole 
injection and transport layer. Pyromelletic dianhydride (PMDA) and 
4,4'-diaminodiphenyl ether (ODA) are polymerized on a surface of the positive 
electrode by codeposition, and become a polyimide resin. Furthermore, as a 
comparison, the TPD is deposited to a thickness of 200 nm so as to form the hole 
injection and transport layer. 

An annealing treatment is performed to these, at 100 °C for one hour, and surface 
roughness of each of the hole injection and transport layers is measured. Surface 
roughness of the former is 10 nm or less, and that of the latter comparison is 45 nm or 
less. 

From the result of the above, as for surface roughness of the positive electrode contact 
layer (the hole injection layer and the hole transport layer, for example) contacting with 
the positive electrode of the organic thin film layer, it is judged as follows. That is, 
when comparing the case where the positive electrode contact layer is formed of a 
single low molecular compound and the case where the positive electrode contact layer 
is formed of a mixture of low molecular compounds or formed by laminating the low 
molecular compounds, crystallization less occurs in the positive electrode contact layer 
of the latter case. As for the positive electrode contact layer such as the hole transport 
layer, it is reported that its surface roughness sharply increases on reaching the 
glass-transition temperature (Tg) (Thin solid films 273, 202 (1996)). In addition, it is 
reported that smoothness and light-emitting efficiency of the hole injection and 
transport layer are closely related to each other (Appl. Phys. Lett. 56 (9), 799 (1999)). 
That means, the surface roughness of the positive electrode contact layer can be an 
indicator of the effective glass-transition temperature (Tg) in the case of being formed 
of a mixture layer or a laminated layer. 

Furthermore, when the organic EL element of the comparative experiment and the 
organic EL element of the embodiment are compared, it is found that time-course 
decrease in light-emitting luminance of the organic EL element of the embodiment is 
smaller (life is longer), comparing with the same driving voltage. However, the initial 
luminance is different. 
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[0154] 

Here, preferred embodiments of the invention will be described below. 
(Additional Statement 1) An organic EL element having a laminated organic thin film 
layer between a positive electrode and a negative electrode, wherein a positive electrode 
contact layer contacting with the positive electrode of the organic thin film layer 
contains amines and at least one kind of compound selected from phthalocyanines, 
porphyrins and carbazoles. 

(Additional Statement 2) An organic EL element according to Additional Statement 1, 
wherein a mixing molar ratio of the amines and at least one kind of compound (amines: 
at least one kind of compound) is 1: 100 to 100: 1. 

(Additional Statement 3) An organic EL element having a laminated organic thin film 
layer between a positive electrode and a negative electrode, wherein a positive electrode 
contact layer contacting with the positive electrode of the organic thin film layer has a 
laminated structure in which an organic low molecular compound and an inorganic 
compound are laminated alternately. 

(Additional Statement 4) An organic EL element according to Additional Statement 3, 
wherein a mixing molar ratio of the organic low molecular compound and the inorganic 
compound (organic low molecular compound: inorganic compound) is 1 : 100 to 100: 1. 
(Additional Statement 5) An organic EL element having a laminated organic Ihin film 
layer between a positive electrode and a negative electrode, wherein a positive electrode 
contact layer contacting with the positive electrode of the organic thin film layer has a 
laminated structure in which different organic low molecular compounds are laminated. 
(Additional Statement 6) An organic EL element according to Additional Statement 4 
or 5, wherein the laminated structure is formed of three or more layers. 
(Additional Statement 7) An organic EL element according to any one of Additional 
Statements 4 to 6, wherein the thickness of each layer of the laminated structure is 20 
nm or less. 

(Additional Statement 8) An organic EL element according to any one of Additional 
Statements 3 to 7, wherein the organic low molecular compound is at least one kind of 
compound selected from amines, phthalocyanines, porphyrins and carbazoles. 
(Additional Statement 9) An organic EL element according to any one of Additional 
Statements 3 to 8, wherein the inorganic compound is at least one kind of compound 
selected from a p-type compound semiconductor and a p-type oxide semiconductor. 
(Additional Statement 10) An organic EL element having a laminated organic thin 
film layer between a positive electrode and a negative electrode, wherein a positive 
electrode contact layer contacting with the positive electrode of the organic thin film 
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layer contains at least one kind of organic low molecular compound selected from 
amines, phthalocyanines, porphyrins and carbazoles; and a movement-restraining 
compound restraining movement of holes. 

(Additional Statement 11) An organic EL element according to Additional Statement 

10, wherein the movement-restraining compound is at least either one selected from a 
steric structure compound, a vapor deposition polymerization compound, a photo 
polymerization compound, and a heat polymerization compound. 

(Additional Statement 12) An organic EL element according to Additional Statement 

11, wherein the steric structure compound is tetraarylmethane. 

(Additional Statement 13) An organic EL element according to Additional Statement 
11 or 12, wherein the vapor deposition polymerization compound is at least one kind of 
compound selected from an epoxy resin monomer, a polycinnamate resin monomer, a 
polycarbene resin monomer, a polyamino resin monomer, a polyimide resin monomer, a 
polyarnide-imide resin monomer, a polycarbohydrazide resin monomer, a 
polycarboxylic acid chloride resin monomer, a polyazomethine resin monomer, a 
polyvinyl chloride resin monomer, a carbonate resin monomer, an urea resin monomer, 
a polystyrene resin monomer, a polyacrylic resin monomer and a polyurethane resin 
monomer. 

(Additional Statement 14) An organic EL element according to any one of Additional 
Statements 11 to 13, wherein the photo polymerization compound and the heat 
polymerization compound is at least one kind of compound selected from a styrene 
group-containing monomer, a siloxane group-containing monomer, a vinyl 
group-containing monomer, an acetyl group-containing monomer, an acrylic 
group-containing monomer and an epoxy group-containing monomer. 
(Additional Statement 15) An organic EL element having a laminated organic thin 
film layer between a positive electrode and a negative electrode, wherein a positive 
electrode contact layer contacting with the positive electrode of the organic thin film 
layer is formed into a pattern in a single pixel. 

(Additional Statement 16) An organic EL element according to Additional Statement 
15, wherein the pattern is either a lattice pattern or a checkerboard pattern. 
(Additional Statement 17) An organic EL element according to Additional Statement 
15 or 16, wherein the pattern is formed by separately applying at least two kinds of 
organic low molecular compounds selected from amines, phmalocyanines, porphyrins 
and carbazoles. 

(Additional Statement 18) An organic EL element according to any one of Additional 
Statements 1 to 17, wherein surface roughness of the positive electrode contact layer is 
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20 nm or less measured by a probing type step-meter. 

(Additional Statement 19) An organic EL element according to any one of Additional 
Statements 1 to 18, wherein the positive electrode contact layer is selected from a hole 
injection layer and a hole injection and transport layer. 

(Additional Statement 20) An organic EL element according to any one of Additional 
Statements 1 to 19, wherein the positive electrode and the negative electrode are placed 
opposing to each other and at least one of them is transparent. 

(Additional Statement 21) A method for manufacturing the organic EL element 
according to any one of Additional Statements 1 to 20, including the step of forming a 
positive electrode contact layer by codeposition of at least two kinds of low molecular 
compounds on a positive electrode. 

(Additional Statement 22) A method for manufacturing an organic EL element, 
according to Additional Statement 21, wherein a positive electrode contact layer 
contains a heat polymerization compound, and the positive electrode contact layer is 
heat-treated. 

(Additional Statement 23) A method for manufacturing an organic EL element, 
according to Additional Statement 21, wherein a positive electrode contact layer 
contains a photo polymerization compound, and the positive electrode contact layer is 
treated with light irradiation. 

(Additional Statement 24) A method for manufacturing the organic EL element 
according to any one of Additional Statements 1 to 20, including the step of forming a 
positive electrode contact layer by continuously laminating at least two kinds of low 
molecular compounds alternately on a positive electrode by vacuum deposition. 
(Additional Statement 25) A method for manufacturing the organic EL element 
according to any one of Additional Statements 1 to 20, including the step of forming a 
positive electrode contact layer formed into a pattern in a single pixel by applying at 
least two kinds of organic low molecular compounds separately by deposition using a 
shadow mask. 

(Additional Statement 26) An organic EL display using the organic EL element 
according to any one of Additional Statements 1 to 20. 

(Additional Statement 27) An organic EL display according to Additional Statement 

26, which is either a passive matrix panel or an active matrix panel. 

[0155] 

[Effect of the Invention] 

According to the invention, conventional problems are solved, and an organic EL 
element with high reliability, of which a positive electrode contact layer of a laminated 
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organic thin film layer is prevented from crystallization and the thermal stability is 
improved without damaging the electric characteristics, and an efficient manufacturing 
method of the organic EL element can be provided. Furthermore, an organic EL 
display with high reliability, having no short-circuiting of a pixel, of which time-course 
decrease in light-emitting luminance is effectively prevented can be provided. 
[Brief Description of the Drawings] 

Fig. 1 is a schematic cross-sectional view showing an example of an organic 
EL element of the invention. 

Fig. 2 is a schematic diagram describing an example of a layer structure of an 
organic EL element of the invention. 

Fig. 3 is a schematic diagram describing a structure example of an organic EL 
display (passive matrix panel) of a passive matrix system. 

Fig. 4 is a schematic diagram describing a circuit of the organic EL display 
(passive matrix panel) of a passive matrix system shown in Fig. 3. 

Fig. 5 is a schematic diagram describing a structure example of an organic EL 
display (active matrix panel) of an active matrix system. 

Fig. 6 is a schematic diagram describing a circuit of the organic EL display 
(active matrix panel) of an active matrix system shown in Fig. 5. 
[Description of Numerals] 
1 : organic EL display 
8: organic thin film layer 
10: organic EL element 
12: glass substrate 
14: positive electrode 
16: hole injection and transport layer 
20: light-emitting and electron transport layer 
22: negative electrode 

24: organic thin film layer for blue light emission 
26: organic thin film layer for green light emission 
28: organic thin film layer for red light emission 
30: positive electrode line 
32: negative electrode line 
34: organic EL element 
36: constant current source 
38: drive circuit 
40: TFT circuit 
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42: data line 
44: power line 
46: scanning line 
48: switching TFT 
50: driving TFT 
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MI3S*¥^»?M (Mw) tf, 2 0 0 ^g^U, If^ittt^IftL, Iff 13 IE ff $ /a 




[ 0 0 3 3 ] 



[ 0 0 3 4 ] 



[ 0 0 3 5 ] 



[ 0 0 3 6 ] 
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W IB IE ?L f£ K dji) t>\ 1 Ox l o ~ 6 cm 2 / Vs*ST'feU, IE?L&AK7!j5IE 
?L$tM'l4tf + #-T?ft^ c ttfgs. 

[ 0 0 3 7 ] 

mmm-mm<D^^, mmr ^ymt, y $ a ^> r =. y m , st?;i'7^y>i&rf*/vAy 

-;l/g|fr5gftS*i54>ft< ii fe 1 {b£4*9 t com&^frtt (7 $y| : * 

a ffi # ? <b ■& 1» ) tLtB. «f fc mi bb a: ft < > i w t jiS c r n m jr -r § c t -e # , m 

Atf, MIBiEa»ttJHi:iBtt5fiia©»6 < ft D (IS Hib ^ja c D < < ft D ) 

, 5!i7X||igg (Tg) ^^iJ*5a^T't5^t\ 1 : 1 00-1 00 : lififff 

5 : 100-100 : 5tfiD!fH^. 
ftfe, lu IB il 1 ;V J± #\ 100 : lOOtjfi^d, itu IHIEM M JB 43 \f Z> &§/£©}§ 10 

& if # * § < ft d ( g it # j& c o k < < ft o ) , x ? x m & a s c t g ) s ft ± $ ■& s 

l^t'SSi:, MfB#^xMSg (Tg) ©fl±8b«tf + #T?fc^ d 
[ 0 0 3 8 ] 

MsB^afbo-^i: LTlis 4# fc <M PS tt ft < > @StfSCtfiaofe«0*^6 1tIKt 

scfctf-esstf, en* if, P gHb£to¥»{*, pS!Kfbfc¥«#ft Hff£tf5ns 0 is 
fb*»wr«0fcff»T?**. WEMft^toa, 1 sweML-tt 20 

[ 0 0 3 9 ] 

© -t u y lb * K 5 * A © f - ;WMb » , 3E §8 © u y fb M , # u •> a © u y {b ft , ■< y V 
nO'Jyft*, AF5fiO'J>fl:*, # U ^A- tjR©-t U><b*K ^--fy^^i 

©•feixyfb^, ys?* ^©iiM, ftH^f tf 5ns, tn^f*, 1 

[ 0 0 4 0 ] 

MIB p §UIHbM«# tLTfi, li(f, T i 0 2 , S n 0 2 , F e 2 0 3 , S r T i 0 30 

3 ,W0 3> Z n O , ZrO z , T a 2 0 5 , Nb 2 0 5 , V 2 0 5 , I n 2 O 3 , Cd 

0 , M n 0 , CoO, T i S r0 3 , K T i O 3 , C u z 0 , Cr 2 0 3 ,Mo02,M 

n 2 o 3 , f ^vtt h'j^A, f- z y m * V V A % ^*7*iA'jn, ft if # ¥ Vf & n 

[ 0 0 4 1 ] 

tu i b m r m © ±i i=r , mmmmi&tt?<k&w tifimmmib&w tcomstfrtk 

S, ffilittf, B&iBIEffigttJf fc43tt5fflj«©J&5 < ft D (SUfk^e c D < < 

ft 0 ) , ^7XSiiSg ( T g ) 4^1?tia^T'fS^t\ 1 : 1 0 0 - 1 0 0 : 
l^SflKv 5 0: 1 0 0 - 1 0 0: 5 *U0!fH^. 40 
t&EiB^^l/Jttfs 1 0 0 : 1 0 0 Ci^<l, WEiE*»«[JHi:45lj-Sfiiao»6lf*(« 
*#<ftD (,IS B B 0 fb^Sui9^<< ; 5;f9) , i?7X||g| (Tg) * IS _b * * S C 

(Tg) ©|&±»*tf + #T?fcV»C fctffcSo 
[ 0 0 4 2 ] 

[ 0 0 4 3 ] 

KIEjESS8ttJi*aJi«3iK:RS1-fa*^, &l©i*HT!i, '# SJ PI tt ft < , @W 50 
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iCJSUTatllRtSCiltfTtSiil', ft VMS H » S L < ^ 2 0 n m JK T J6F £ L < > 1 
tu IB § « © J¥ tt , 2 0 n m % S § t , WIBiEttSEttJUCft^S^f^XKSfiaS ( T g 

) ^£ + #£ft±£«ck#T«#f\ IS H fb % W SO f s c; ^ t» £ * ^ c fc & S t> * £ 

iaEiES»ttji*a)i*3fit«tt-rs»^, ass*: l -eta, it k m m a a < * @w« 

UTiia S?.f 5 t 4: # T» t 3 o 
[ 0 0 4 4 ] 

MSfHflOl^, tufEIEMttijf MM$Hg#?fl:i=rtl<D'>& < t t. 2 a#£S 

taji^nr^iisiiguijgfigsnao c o si h & m \z & «- 5 tu fa ie @ jg m m ■? « , & n © 10 

4 0, ^©$SJ!I> lulBIES®«!/ltv^TlS B B B {t^itau D K < < * D > MiE#7 xffc&i&JS 
(Tg) ^^IStHt^t'^. 
[ 0 0 4 5 ] 

MBUHJBJftO*^ WIBiES»«iJIfc38H-«#Jl©l¥*fc bTtt, ft t M IS 4 < , S 

* /h * < T « C T? * 5 jS T? , ZOnmKTtfJFSU, 1 OnmttTtfiOJfSU 
WB*I©¥*tf, 2 0 nm^j@^5 , MIBIES £tt A ic $ ft « # 7 X £&fi£ (T g 20 

[ 0 0 4 6 ] 

[ 0 0 4 7 ] 

, MAtf, izi* mm its 'Ms Ms^iifbi^tK Tts^rtt^^t), r»s#ttft#«aH* 
iff a fc* if &ns. 

[ 0 0 4 8 ] 30 

Kt^ai^t, 0iJ*fc?> "Flfi^ai^ (4) tstf h77i-;M*y*Ofh77 

Bf*^t<§D ceaft^iec o t < < a d ) , xvxm&um ct g) 

[ 0 0 4 9 ] 40 
[fb 8 ] 
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[ 0 0 5 0 ] 

M IB M M M -H 14 it 1ft t L T & . # t *J PI (4 & < > § W J5S U T & 991 © t> © © * S» 51 £ 

- , ^iJA;Hy|I^/v-, # y 7 5 F if fll * / v - „ # V ■< 5 F m HI * / v - N # 
|J75 F 5 F fll * / v - , * U * ;l/ # t F 5 5? F 8T IB * / v - „ si? U * ;V # > £ a 

u F*it;v~, ^n'/^fyiit/?-, $ v i&itv - frmm* / - , * - # 
t / v — > ^yfi/^vttntyv-, an^stwenso 

[ 0 0 5 1 ] 

w 13 ft s £ it £ <n x » is ib m m & 14 {b ^ % t u t b „ w k m pi tt a < „ i & k m u t & 
a©t>ootf*5aaas? - r«cktf^*^ 00 * # , i^yitit/^-, ~> a * -9- 
yittt/v-, 7^f;Httt/v-, i^fi^tt 

[ 0 0 5 2 ] 

&43, MSBjEffiSMSf fc, fffMifffi^'MlirtK M IB ft II £ 14 it & m X « tu IB MS £ 

'14 it&m z m ^ rc miEmmmmt Lrmmv rem fc*#?<t tests c t t £ 

ftffctfSc Dt< < S5> **7Xi^igK (T g) 4: T? * S £ T? W fUT? 

& § a 

[ 0 0 5 3 ] 

MIB^Hff^©^^, itufSIE?L&A'l4fl;-&tlii ft IS l£ M frHfc l^ft t (DU^^^it (IE 
?L& A14{t^M : &»ttifHfl:£tt) t bttt, ft fc iW Pi » ft < , SWKfSCTltlK 
t5Cfctfl?«f, 08*.tf, MEIE«*ttJifc*ttSfiJS®iS&srtf** < ft t> C *S » <k 
IOt<<4D) , (Tg) *iSi±«-e:*ci:*«T?*SjS-e, l : 10 

0-100 : ltfjfSK, 50 : 1 00-1 00 : 5 J: 0 ft S L 0 
MEiftfc^l/Jttf, 100 : lOOtiSo'd, MEIEffiSttlfcfeW-SSSBfiEO&Sfftf 
^§<§f) ( a e B lb ^ & c d k: < < & D ) , # ^ x (S £ ?B fi (Tg) fcipj-ks-sscfctf 
ft, £»fc£«ffijS1WtP#«*fcttSjftT?tffy^i&D, -J^ M IBM IS H T* 

wiBjtr^xc^fi* (Tg) ©ia±«b*#+#"T?ftv c fc*<»*„ 

[ 0 0 5 4 ] 

MIBIESgHttJitf\ WC»-Jg»75SlffE»ra»ttO»^fctt^ W IB IE fi © * ffi o £ gp X 
tt-»li:»)«?n5ff, ioB E II <d i§ , ME#-HJlS0IE«©*iBfcS:a:3iE 

?L£Att<b£tt»tf £M«fcB*ftEllS ntf^? ti3 □ 

MIB^S^HoJi^, MEIESSettAltf^ WBiE?LftXttft^*IBfr&lR?hS*iffi 

aO^ttttS/* H-vx**fflv»TfJ3 C MIBiEliKM/i^MIBTl^tl 
tJ:D^lSt^^^^tulB«S^5ifct^^^fc|Biait^ B B a {b^amWtWfflt^ct^ 
?t5, afe, ctDJf^, -B**Ol5»»5» §;^-yfiioli(i, SgUffcfcffl 

[ 0 0 5 5 ] 

m ib IE m m to m © m * t l t « , # t #j pi b a < > iwt*si;Tas:»K-rscfc^T»t 

S^, Z0nmttTtf»H<, M IE to M tfi MM m J6 1? 5 , &l©S*ai- 
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M f B IE M «i Jf © JP # #\ 20nm*i^5t, MIBiESSIttMfcfe^SJtr^xK^Sfi 
( T g ) l^fDtfilJt^Lfctf-p-tf, H Ifc % ffl fllj f 5 Z. t W -V # a V> 21 ^ 

§ o 

[ 0 0 5 6 ] 

WIBiE*S?«iJifc45tJ5as®ffi«fcLTtt^ W K: WJ E fct & < , IWfcJStTltaiR'f 5 
C fc # T' # , 0IJ A fcf , US «■ S © M W- fc «k 3 iJ £ « T? * 2Onmtt~FT?fc*0##£L<, 
1 5nraKTT'S50AUt)!?lbV\ 

M 15 * ® ffi S , 2 0nm^@^?»i:, ^E©l3flfc<fcSSiffiy-*©^Stf;rt:#<ft^ 

[ 0 0 5 7 ] 10 

#3SUH©*r8S E L fS?«, ±3$©iI9, lEffifttfflffiOHfc, ^ £ $ ft ft W & fS §t /■ £ *T 

(1 5) % IP -5 (1) IEffi/I?LaXS/iE?L*&iMJi/5l«S/«?lft3MP/M?aX^ 

( 2 ) lEm/iEiimxm/miimmm/^^s/m^mmm/Mm, o)ie« 
/jEiirnxmrnmrnm OEiimmm) /&ytm/n?nmm/m?&j<m/n.m > co 
jEm/sEH&xmmmmm (mammm) /%Km/n=?mmm/ikm. (5) m/ie 
ji&xm/iEji&xmMmmm munmm) /%%mmn?mmm/n : ?&\m/n.m 
, (6) iEm/jEiL&xm/iEiimmm/%xmMn?mmm/-kms (7) mm/ ma 
&xmmmmm (mummm) /^^tmmn^mmm/ni-'-&xm/%m, (s) mm/ 20 

jE*LttS£«/fSttJi*sS? fel^S/IUI, (9) IElI/IE?La=Xa/IE7LI&i£Ji£§£3fcB 

/•^ttagfl/m^axn/^ffi^ (1 0) mm/mii&xm/miimmmmwKm/n. 
?mmm/n.m, (in M/iE?LaxMft^iiMftJi ciETLtik&JiifcssftJi) / 
ifussi/imi/ii, (1 2) jEffi/iETLaxsattsiafSttfl dE?L$is 
/«?»si«/fiffi^ (1 3) iEm/iE^mxmmmmmm^ytmmn^m 
mm (sEnmmmm^ytmmm^F^mm) /as, (14) iE4i/iE?L&xjf Msg / 

fSftfl/fc^ttStfl/fc^ftAJi/AS. (1 5) IE8i/IE7LaXSHtlfi38»/l8ft«a« 

e?*ftSi«/Afl^ aH^^atc^^snso 

[ 0 0 5 8 ] 

ft*5, foBM E L ^?^tu!5IE7L7"n >y * y 7M*Gt %M MfH ( 1 ) ~ ( 1 30 
5) fcfc^T, WBayeJifcWIBM^IISSJitOIHUcKiEJL^ny + y^JitfEllSns 

jn»jatfi?ait*W5n*o sfc, mis ( 1 ) ~ c 1 5 ) k*^t, MiaiESt km t 
iE ?l a x s # tu f b ie ffi & m m k m m t 5 „ 

[ 0 0 5 9 ] 

ecu, m ib (1 5) sEm/JEii^xmmmmm/^^mmm^mmm/nmiDmm^^ 

=E 1 2 ±£7&figSftfcIEffi 1 4 (ABUtf, I T 0*S) fc, IE ?L & X Jf 31 ft m M I 6 t, 

mytmrnn^mmm 2 112 2 c «y * a % a 1 - l mm) t^c^itiiLt 40 

ft«JI8l$£*rf5o & & , IE H 1 4fctiZ ZfctttS4^LTlV^g^Jnt^5 
o COfiELl?l Otft^TIi, lEJLaXl^MMJl 1 6 £ftftff**?tft£j| 2 0 

[ 0 0 6 0 ] 

iilfs * f£ HB © tu IB # £ E LjR^tfeitSKHBiEaaEttlW^OftlKiovTflW-rSo 
[ 0 0 6 1 ] 

-£«- 

HufBIE^i: LTB, «f ffl IB ft < * IfitgUTatljRtSCfctf^tS^, M IB IE 
?LSAIt, IE ?L (tt'jr) SftfttiCfctfTtStO^ffil^. 
[ 0 0 6 2 ] 50 
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m i a ie m co m m t l t , # mu pi a & < , @ w jc js i; t sg a 51 jr i- § e t & -r? # § #\ 

5>©*Tfc, ltUB#MJM)I^E?L©aALJl£©j5T, ttt«ft«'4 e VttiOttfi 
L>XX (I TO) ^©Mtt^MIHttK A, x >y ;l/ 1| © # J! , l4i50 

t;ij7-'jy, t^'jft7xy, t° v tr n - ji m <d m m m « tt *t s > en 5 t 1 t 0 t <d 

© m M. & tt I TOtftffcffSLl^. 
[ 0 0 6 3 ] 

MEIESOJP* fc t TJi, WrtWIBttft < > #fc*S fc ± D MM *im T< & 3 ff, MM 
UtftmUttDA^yXCOm&frbte. l~ 5 0 0 0 nmtfjfSL<, 20~200nm 

[ 0 0 6 4 ] 

6 tt , MEi7;V*U*77, 5> 'J * ft H © A U 7 n - h ft M L fc M IB V - ^ 5 A # 7 20 

mMtt t L T ft 7 X % m ^ % m & , 0 . 2mmW±T?&tK 0. 7 m m W ± # 

[ 0 0 6 5 ] 

tO IE IE « *± . 0>jK.fc£, IIS, MM?*, XA-y^J^'S, EfSttX 

A>^ijy^*S, MBE (#?$&xfcr**5/-) S , ^x^-^tyf-AS, 1' # > 
^ ^ 7?X7l^S (ItJMM^ y 7i/-7^ y?&) , #?i«Jiffi 

> LBS, EPia, {t^SJS?* 0/;l/-y;l/ffifc£) tiOKiT 0®#tt** 

ifftSSS, ^H<D±3ZEL/c^)4^J;0»Mtc^^-r^Cii^T?t?> o 30 
tuIBIEtltt, gfcjfK tOiOffll^frUkiat), E L fft ? <D !I M l± ft fg T £ 

^scttfnisifss, tu ib * (D m co $& a t l t t± , m * a\ ttHBjE*©*#*MTo-e 

35 § 41 £ K tt , UV-t^yffli, ^7X7fil4H«»»aK#lf5h«. 
[ 0 0 6 6 ] 
- ^7*6 JH - 

M IB IS ft 1 , S If- EP 4P B# M f B IE M , M IB IE ?L S A S , M IB IE 11 Hit € & ie 7L ft & 

At 5 c 1 , MIBmS> MIB«?&AJf, ttE«?»3aS*»fr ^i?^ftAi 5 c 

[ 0 0 6 7 ] 40 

a^ft, ^fefg^w^, wfe^^tts, Mfe^TtM^, jSfi»ye*r»aHtfH6tf &n 
§ 0 

MIBMMMk LTB, *fe»3tRriHft fe ©T?fcftfcf WfcWPBtta < , 
MIBWfe^Tt^^k LT(i, Wfef§7 1 fiHrf^fe'DT?fen^'#t$iJPI«^ < , (W^tf, 

v * * v - ;v z n ti % */uy-;i/3fi«8#x a H a s * tf & n § „ 

tu ib n % 3t w « k b t , m a 7^ rt i^a t. o t n m m k m m a & < , f u * «\ 8 - 

t/y/-;KDZ n k O 4 IB ffi tg ft , &iftff(f^tl^ 0 

MMJF&^ytMUt LTi^ * & n ft nj a fe co v h n a m ic m m it a < , mx.ts, d c 50 
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Mfefg ( C . W. Tang, S. A. VanSlyke, and C. H 

Chen, Applied Physics Letters vol.65, 
3610 (1989)), ffcfe&ttf£ftte**f "T 5 fft^*X»JK/V7-f U > 

-fb "& « ( # M ¥ 9 - 1 3 0 2 4 f^S, #HB¥9-2 9 6 1 6 6 §ttS, »B¥ 1 1-2 
5 1 06 1 ^ m , fITl 1-25 1 0 6 2 m HS^SSf WO 9 8 / 0 0 4 7 
4 ^ & ffi ) , *feS3t««tt* : &t-«l?X7'yXUyfl:'&« ( 1# Bfl ¥ 1 1-1 4 4 8 6 8 

# & $r ) , 4jrff*tf5n5. 

[ 0 0 6 8 ] 
[ 0 0 6 9 ] 

MISfg^il©l¥^fcLT«, l~50nm*«*Sb<x 3-2 0 nm*U!)iJHl\ 
[ 0 0 7 0 ] 

MiBisttJBfcu MiaE7Liniigs, mmn^mmmft z<omm*w^? ^^ytmmm^mm 

LTMiB^MMll-^L, h#»©3t!RiK»ft^j£ 
K So % <D tfi ft $ L v» 0 
[ 0 0 7 1 ] 

Misyx MtffcfcffifE** ht*^i:%#fffl-r * a E L ft ft £ "f § RE * Sf, W 

IB#;*MtJBtflftiB£tL*. ?IT, K**h#*l®36fttt*fcs WEy^h#»0!RJR 

[ 0 0 7 2 ] 

* ft ~F S3 ft jB c £ , tGIB^'Xh^^iitulS^Xh^^fc^^ffl-r?)^^, M f B X F- 
[ 0 0 7 3 ] 

WE*Xh#»fcbTtt, # fc M Pi tt * < * IWtiSUTltlKtScfc^-Ff 5tf. 

[ 0 0 7 4 ] 

idfiffi»?»*X>*f»i:LTtt, # &c fcj PI «: ft < > IfitlSUTlIIKtSC iitft 
fStf, TfBMsS (6) Tl?nail7$>TO, TIBMsS (8) fS?ns 
TIBMiS (1 0) Tf««ti***3/>«#, TIB^jgS (1 2) 

T?«sns i , 3, e, 8-fh77x^;n;i/yft^ft, TEiis (i 4) t«ssn 
y/v/y-uyin^ tibms ( i 5 ) Tf«snsp-"fe>>*7x-;v, 

T IB « 5g S (16) l;'S?n59, 9 ' -k"7> 1~ 'J /K ft £ * Iff 3 * 6 ft 5 0 
[ 0 0 7 5 ] 
[fb 9 ] 
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ttfixt (6) 



[ 0 0 7 6 ] 

MfBMiS (6) ntt, 2Xft3ff)it^St„ Arte, 2jffi^L<tt3ffi©^#^ 10 

«MSSi£5?MSi:LT«:, tt£ MIS life < 1 W fc fS U T»Mffif * c T* * * „ 
[ 0 0 7 7 ] 

MfBMiS (6) T?gSn5^SlS75ygift<D[fTt, TfBflitsK (7) fg?tl5 
N, N ' -^t7f;P-N, N ' - 5? 7 x - ;1/ - [1, 1' -t'7i-/H - 4, 4' - 
->7 5> (NPD) Stf*<0iiWSl/l\ 

[ 0 0 7 8 ] 

lit I 0 ] 

20 




[ 0 0 7 9 ] 

[ it 1 1 ] 30 




(8) 



40 

MfBMiS (8) A r ii, UTtC^-T, ^M3S£^ty2{ffi^L<tt3ffi©S, X & 

, *IffiSI:£:£MB!£^t? 2 L < it 3 

[ 0 0 8 0 ] 

[ it 1 2 ] 
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T © t © # » M t * a n § o 

[ 0 0 8 1 ] 
[ it 1 3 3 

CH 3 CF 3 

— c— — c— 

I I 

CH 3 CF 3 




[ 0 0 8 2 ] 

an IB 41 36 a ( 8 ) cp , r 1 3 a # r 1 4 a , * n ^ n a i t , 7i< m r ? , naf^if, 

7;^;H, 77/^;H, 7 ;l/ - ;V £ , 7'J-;H, ~> T / S , 75/1, 7->;H 

II, 7 5FS, 7'J-;^ + ->l, 55#KK^tzKiR«aS, X 5? # 1M 5B 8 £ * b , 30 

ml 13 fit 3i:£ (8) ntt, 8S*SU 2XB3j8ifflfc#H , 6nS, 

[ 0 0 8 3 ] 

MffiMsS (8) T'i*n^;W^/-;HIift(D*T*t», A r tf, ^y-if 

^ftLT 2 Oji*££ftfc7?#MTfe D x R 1 3 RO'R 1 4 zk 316 IK ? Tf * !l, n = 2 T? 

f ?, TtfiMiS (9) T?S£ft£4, 4' ( 9 - A/WV/U ;V) — t£ 

7xr.;V (CBP) Rtf*OR#ft:fr6ajR*n«t)0^x Bfta&MfcttfcttnS^T? 

[ 0 0 8 4 ] 

[<b 1 4 ] 40 
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[ 0 0 8 5 ] 
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[ fk i 5 ] 




^3i^ (10) 



10 

fetch s M@B$t3a5£ (1 0 ) tfi % R 1 5 % *^JS?Xt±-iiKfb*^S^^-ro 
[ 0 0 8 6 ] 

MfBfliii^ (io) ^ssnat + fviSftotTJt, tiem^ (i i) -emznzT 

;V5 - tf A*/ U y«S# ( A 1 q ) (3ifgfti£g = 5 3 0 nm) tf»SLV\ 
[ 0 0 8 7 ] 

[fb i 6 ] 




#£5£ (11) 



Alq 



[ 0 0 8 8 ] 

[ft i 7 ] 




fefcU MSB £36 3 (1 2) cf, R 1 6 ~R 1 9 SV^tB|-Tfa6oTfeJ:^Lfi4o 

iEHS (1 2) ?g?n5 1, 3, 6, 8-f b77i-;HfP>OffT'fe, R 1 6 
~R 1 9 j^zkJRR^TffcJB, TIEMsS (13) ?*?n« 1, 3, 6, 8-xh 

[ 0 0 8 9 ] 
Hb 1 8 ] 
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X // 



J/ \ 




DPVBi 



[ 0 0 9 1 ] 
[ it 2 0 ] 




P-- tz+v^xrju 



[ 0 0 9 2 ] 

[<b 2 i ] 




9, 9' -tfr>h'j;u 
*i&5£ (16) 



[ 0 0 9 3 ] 

MIHIE?L7n y * y ?m t ITS, '# $0 H & < , gWtjSUTlSIS?t«c fc^T 

Mi3iE@^e»ax^ tircjEiizmmt %mm*%LT^% %<Di$ft $ l 



t ^ 7 t S o 
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[ 0 0 9 4 ] 
[ 0 0 9 5 ] 

U£IE?L7ny + yyioi*i:LTi4> «F flpj E tt ft < , S W fc JS 15 T 5i £ 51 S? f S d 
ttff?, 0« * «\ M#l~5 0 0 nmllfSt), 1 0~ 5 0 nmtfjffj b^. 
MI3IE7L7"D >y + y ?M&> Ililffe^Tt i^L, illltSoTti^o 
MIEIE7L7*a y * v?m\*. ItSt «t D ®fiEt5 d fc f * 5 o 
[ 0 0 9 6 ] 

[ 0 0 9 7 ] 

tflE*?tft3MB©*mi: LTtt, ftfc H ft < , IfitlSCTltljRtSilfcyif* 
^ 0 IJ «\ tu 15 7 ;!/ 5 - 7 A * 7 'J > Si ft (A 1 q ) ^©^./y^Mf*. t*t->*7 7 

7;l/*U>«iS»{*ft ^ ftHtf^tf^ns 
[ 0 0 9 8 ] 

MtBtt^i^il <DJ¥& fc LTIi, 4$ fc: Sill RS « ft < ^ aWiLfSUTltIKt§t:t^-et 
* $1 If l~ 5 0 0 nmllT^9, 1 0~5 0 nmtfjf S 

mib«?ii^s«> */i«jBt?a6oTfe j:v^l, mmmm-?& ^> x t «t ^. 

[ 0 0 9 9 ] 

c©*^, M IB f£ ft If ^ M f SKS^ttStli tffl^3iI?$tMP btH, MiB 1 , 
3, 6, 8 -HB»^^yfb^*J: 0 fcftftiR* tf«tt«TfcS*?tljB#»*ffl^S C 
fctf, «tt E L 3|?*©%ftMS:MfBfi!ftjl tKS !3E£?i&3£®fr 5<D&tf-ftfS 
ftfcKi^fcjSfr &tt#f: bv 0 ME 1 , 3, 6, 8 -rag$k° ixyffc^foj: D feMM 

-;bMf*, h'J7 7-;Ht#4H!!l«#« , 6h < TEiJSS (18) TJ*Sti5 2, 9 
- *J ^ ^ ;l/ - 4 , 7-^7i-^-l, 10-7it>hni;y (BCP) , 2 - ( 4 - 
t e r t-;f;I/7i-;V) - 5- (4-l?7i-;W^) -1, 3 , 4 - **W7V 
3-7i^ll/-4 - ( 1 - t7f ;V) - 5- 7i-)l/-l, 2, 4 - h U 7 V* - )]/ 
s 3 - (4-tert-7f*7i-;y) - 4-7i-;V-5 - (4' -k*7i-iWA 

) -l, 2, 4, -hy7v"-;K ft H^»afc^tf sn« 0 

[0100] 

[fk 2 2 ] 



U'U 
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fif^S (18) 



[0101] 
[ft2 3] 




[0102] 
[ft 2 4 ] 



-5-:7 x .=^-1 , 2, 4- HJ 7 */- 



[0 1 0 3] 
[ it 2 5 ] 




3- M-tert-:?^:? i-W-4-7i 

-5- (4'-t*7!-M /M -1 . 2. 4- K y T »/- 



[0104] 

AI - 

mmm^&xm t lt a, # m w is a & < * swtsctitiKt^iit^Tts^, 



K.22) 
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[0105] 

M IB H =? m A 1 <0 M m t L T ii , «ffcIIStt4<, aWtgCTltlKt-SCfc^T 5 ! 
, 0)Jx«\ 7»HbUf-*Ai£©7;V*'J&JR:7-Mb1iK 7-yfU ^Af 

[0106] 

, fljfctf, ffi^O. 1-10 nmigT'gt), MIBtSiII'\Olf ©SX b I ? O 
f, 0 . 5 ~ 2 nmi s !flU\ 

MEW? SAM fi^ & c fctfT-tSo 

[0107] 10 

[0108] 

mmnmoumtLxit, # £ pi & & <u mibh^mji, iuib^^®^ jf©MMi: 

Ml" sJUiStf? ©Mtt, * :/ ft # -r > f + ;K gfttlt jS i; t M i: It IR f § 
ct^T'ts 00* if, ^s, MlMtti^©ai«tt{t^tK cn5©g^ftiaif^^tf& 20 

[0 1 0 9] 

tu i s m *i © *m © ju* #y t ltb, t^* u &m ctai* ar l i , n a , k, csst*) , 
7;i/*y±i^i (i^iMg, caSH) , as, $h 7;^_n, * h y t> h- 

fs V V A^Xfi^ ft yf)A-7;l/5-7A^iX(i?ti5©l^^l 
, v?**^* A-«£&xfi*ft 5. J! , ^y-7H, ^yf;vt"7i,iof±i 

^i, Ctl^O^^, £ £ *g tf 5 ft 5 „ 
[01 10] 

U^illWT'ffflLTU^U 2lKl^fffflLTUl\ Cft 5 ft 
»H»*M e VWFOtttttfffS L< , 7;V5^7A, U f 7 A-7/V5-7 A p^Xti 30 

* ft 6 co m & # s * v^^i/^A-^-a-^xti^ftsoM-a-^s^ * h # «t d » $ l ^ 0 

[0111] 

HufBAH©/!* i: LTIi, # SO PI & * < , ^feliOMS^t JS U Tltl«t § £ t 
T'f S^, l~ 1 0 0 0 0 nm«H(, Z 0~ Z 0 0 n mffJ: Off S t^, 
[0112] 

^^'JV^'ft, MBE (fl^glxfc? $ ^^X^-^^ye-Affi, 
7P-t^^> 777*vi^S (^^SJa/IB^^yyu-r , 
, LBS, EP ffiij & % ilte ¥ £ , 5:H©±ilbft^S(i:±DffIt^St§Ct^T^5 0 
[0113] 40 
HafB£®©#ftfcLT2ffl&±£0ffflf**§^fcH^ f£2fflJ-Xi:©MMPlB#k:ii*L, 

«fc i\ 

[0114] 

M IB IE M R If M IB H fli © ffi in ffl h L T it , i^J^ffSK, IIQ/DKTT'S§<Otf 
[0115] 

- comcom - 



{Li) 
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[01 16] 

mmumm t uh, «p k *j is a & < , s WfcjSbTjigMfttfs c t^Tts^, 0.1 * 

1-5£££W±^t&Tfc5fc©tf$?£b^ 0 
[0117] 

mffBfil|IJi©*t&£:bTtt, 0M*tf, In. S n , Pb, A u , C u , A g , A 1 , Ti 
, N i M g 0 , S 10, S i 0 2 , A 1 2 0 3 , G e 0 , NiO, C a 0 , B 

a 0 , F e 2 0 3 , Y 2 0 3 , T i 0 2 f O^liiti, SIN, S i N x 0 y mom.it 
MgF 2 , LiF, A 1 F 3 , C a F 2 f <Dil77ft», t°'Jxf l/V v stf y 7* n 
t? b y , #'J)(f;M^^-F, # 'J -f 5 h\ *Hl/7, #'JfF57**tiif 10 
b y v *iJ^pnF'J7;Hoif # y s> £ a a 5? 7 ;V * n x f- b y , 5> a a h y 
7;l/*nxf-byfcS?£ons?7;l':*-nx?-by£:©&M-g-#\ ^ hv7;V^tnx^py 

, #«££*fc«tt#l3fi**fr 3^7 y 1 % tt± ©»zktt«ft, M 

m 0 . 1 %ttT©l»Htettftft*!tf¥tf&ft*o 
[01 18] 

ttGfiiiia, its, u^mmm, x^7^jyys, Rf&tt*/w * y y 9 

MBE (»f|ltf^->-) &, ^7X^-^t>t*-AS, ^y^-r^> 
7*7X71^^ (if jaSIs&ief ^y^b-r-r y^ffi) , EPBHJS, 

[01 19] 

, 7V«TT?fSftf*0tf#£b<, 5VttTT?»3fr«©tf«J:D*SL^. 
*fg|f©MELfS?(DfiftjS?jti:bTtt, *ffl±©«jjS^6tts flUnlBEl OVIC*^ 
T , 1 0 0 c d/m 2 KiT'S50*^H<, 5 00 c d/m 2 J-X ± T' & S CD * D 0 
IL<, 1 0 0 0 c d/m 2 U±"?fc*«D#1*fc8F$bVo 
[0 1 2 0] 

*$8w©*« e l nytf*-*, mss^, s^a^gi, 30 

[0121] 
[0122] 

(ti E L fH^MTaS) 

E L fS?©M7a?£te, *»W©MEtf«E L*?©«3fi#ScT?i&^-£\ A 

iy>§< t, 2 s©fg^ v: ?^^ti*iE^±tc±t^^^§ c fc K x 0 iE&&mm 40 

3 MS»!Mf£lg;&#i?|g-ll8t, A 2 ▼'>& < fc fe 2 a<EH£#?<fc^ti£iEffi±fc: 
* tr & r « «K A3f>ft< fcfe 2«0«UB*«ffi# ; Pfl;£»&S/* F - v 7 ^ t i D, 

it, o^fn^T'Ss. 

mu is » & < BWfcj&UTMaft-rse t^t-t s„ 

[0123] 50 



U4J 
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m ib n - m m ic & if § lu is ±t m m m a , « © i$ » ^ ^ s # ? m s ^t- w 1- 

t*#, Mifi^$Hg#?{b^«'>& < t «, 2 1, nmmmi&tt^it&vsRxf mm 

m m it & m , aif^ftfsns, 

m ib « n # © & ft % sift lt(^ m k m m a & < , @ w t js u t & *n © *> © © ^ ^ 5 

[0124] 10 
MIE^-J8ai©-fl«fcov'»TBiW-r«o S "f * W IB IE fl L T © I T 0 M S % & 

t^/yiits. c © i t omm±KmmiE^mxmmmmm t lto h u 7 x 

-;^>7S> (TPD) 1 0 0 * ;V % fc W L , 2 o * ;V % © g 7 £ a ~> 7 - y ( c u P c 
) %ii^Lftig^il:|&tf 1 5 0nmh4§J:5E±tIiS(af)tIt§o & t , t 
ris (8 — hydroxyquinolio) aluminum(Alq 3 )^r^tfjS 
go. 1 nm/s0*frfcT*#tf5 0 n m & § <t 5 fc Iff !BIE?L a A 1 M USUI ± fc £ 

mLTMmmKmmm^mmmttBm? % a ?lt, a i - l i c l i ©s-*rs= o 

.,5S1%) M # M 0 . 2 n m / s © ^ff fc T JP & 5 0 n m t & 5 «t 5 fc M K 38 3fc 
Jf&S?ift&Jl±fc&^LTMieM£JB/S-f i:t«t S«E L|?tf8iSn« 20 

[0125] 

ffiKlirJilSifcfcW-S iugBKM«& i: LTii, «f fc M Pi H ft < , 1 « fc J6 15 T£fcl©# 
5 3 if 51 iR f § C i: T? * § «, 

lWEiBiittaio-ffiitovTBiwr*. 00 * «\ sf, m ib ie s t l t © i t o m m * & 

jSLfctf^XM*, /J< > 7 -fe h > S tf-fV 7° n t° ;!/ 7 ;V 3 - ;V 1 1 1 h S i if L , U V 

# v^ao-af s„ LciTOMit, hni-;i/f7sy (tpd) tm? 

$Ui/T-y (Cu P c) t^fnfm 0 nm©£#T-£5fcK£I&5iSjli:«fc!J«Jl ( 30 
C u P c5:8l, TPD^7l) L,1^ff©J¥&ftM5 0nmT&3f«JIM©M!BIE?L 
&.XMBMtMIS%J&!$.? & o & £ , t r i s (8-hyd roxyqu i no 1 i 0) a 
1 umi num (A 1 q 3 ) £ H 3» jg 0 . 1 nm/s 0*frtTl»iC5 0 nmt48 
J;5tMIBIE?LaAiISIflJM^±tcE^LTtulBf§7tSM«?II^S^®jSt-§o^LT 

, Ai-Liti (Lictii=o. 5 nm%) zmmm&o . z n m/ s ©Mtx 

m&&5 0 nmi:S5 < t5tMIBfg7 , 6iI^®?II^S±^^SLTft@^^fi5c-r^iliit 
[0 1 2 6] 

wttt, «HBiE7LaAtt{b^»a*(»5aKsnfc 2i«±o{t^«i*j/t f-vx* en 

P & : 5 0 X 1 0 0 /x m 2 ) £ M (iiiJ5 0(im) t § S t I^If ^ ^ § t fc t i 
[0 1 2 7] 

W±©#f&UB©*r«E L *?©«JB^TSfc «t § fc, #f§Si©i!ulS«E L T& 
[0 1 2 8] 

*f§BJ!©^^E Lf^7Wli, *^B^©MIB^aE L & < tfeffi^T^SC 
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[0129] 
[0 1 3 0] 

rVX/b^J , 2 0 0 0 ^9flf, 3 3 - 3 7 ^-'>*tIEi?tlt^§ i 5 fe«3 

nfe (if & (b) % (o , (r) ) k:»*-r«3t**h j ptia3ifi'r«^«EL 

7^/^-?:iLT3gfi£^lt5fifea, tfe^)tfflOtlE Li?£ i§f 
&ttfeffSJlfciILT*fe (R) Rtfflfe (G) tSgfttS&gftS, & H £q e,nTl/^ 10 

[0131] 

fifgftfflMitE LJg?, ^fiMffl©*! $1 E L m?RZ?M&%Km <D^m E Lfg?M 
[0132] 

MIB^&fgftfflMilELil^ilLTy:, 1* t *J IS ti ft < . &$D©feCD04>fr5jiM#i 

-rscfctf-etstf, fly a tf i « ^ # , i to amm) / m m n p d /tes t* * * n § 

D C J T B 1 %7il/5^^A^/U yfgft ( A 1 q ) / M f B A 1 q / A 1 - L i 

) , T?S5feO&H^j?lK^l^n5„ MIBDCJTBti, 4 - d i cyanome t 20 

hylene-6 — cp — julolidinostyryl — 2 — tert— buty 

l-4H-pyranf$5, ft ft , ifBA 1 qti^tiLfel^SSo 

[0133] 

[ <t 2 6 ] 




30 



[0 1 3 4] 

t 5 n t T* ? , mmj&&, I T 0 ( IE S ) /iyIHNPD/i>7f;Htn*'J 

> 1 % HU IB A 1 q / m I B A 1 q / A 1 - L i (US) , T?*<5 6 ©4 HtfjfflfcSttfft 

n§ 0 

[0135] 

t&iBWfefgftfflO^SSELili^fcLTfci:, SiiiJ IS «: & < , &£]<Dt>fl!)<E>*fr£gigjilR 
tKt T?*, flBfcfcf , gfllfig^, I T 0 (jflEffi) /MfBN PD/7f"J ;V7 5 ^§§ag 
ft 4 . 5%-7f 'J/bT'J - b>Mft/MIB A 1 q / A 1 - L i (AS) , V 3b % fe O 

[0136] 

tEtiE LfVx7'b^foiiJ:LTii, w t so is ti ^ < , awt*suTas:as?fs 

C T* # 3 . M * fcf s rggiUHn-nj , No. 765, 2 0 0 0 ^3^1 
3 B # , 5 5~6 2^-J>tE«?nT^SJ:?fi:, /^'r>7v h 'J 7 7 * x 
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j 7 v h- V 5 x * ;I/ ft if ft 51 P If S n § 0 
[0137] 

MIB^7->7-7 h U i'X/UwKi, $1 x fcf % H3KSf **7Xlll 2 ± \n s s 

v^c v tf @s m £ n rc ^ $ © ie m 1 4 ( m x. 1 toid %mh, mm 1 4 ± k > 

4, Sgfe^3tfflO#SS»BiS 2 6Rtf*fe»)tfflO*«»lllS 2 8 ?r^L, iffe^T'cffl© 

tl6tn»«Oft*2 2 £ ^ L T ft £ „ 
[0 1 3 8] 

MIS/^y 7? h U * X/S*;Wc:fc^T tt, »Jili\ H4tSt±5li:, *IS©iES 1 4 10 
fr645iEi5'f V3 0 k , liOti2 2*e&5ti7^y3 2 fc#SV»fcB-frfr>& 

Mfgftffl ©MUM/I 2 4 % 2 6RO*2 8^Bli:LTiiL, #Iifc«(SlTt 
IE Llf 3 4^tt#fiLT^§ 0 R^yi'^hyn/U/UcfeWTs iE « v ^ > 

3 0 iCftfrSIEffi 1 4 © 1 -o k, > 3 2 K.&tir&$.m 2 2 O 1 O k ttL> 11 

iP S n s KffiiI©*rSiELSffliJitf#gtt-r5o £©HiSmfu ©fgft^ffiijfp-fSCk^D 
[0 1 3 9] 

WE7 * t -f 7v hU * ll A «\ H 5 fciST «fc 5 fcs A*7Xi|l 2 ±fc> 20 

"rSjtSEHHefcftttStU §ill£St^tlfcTFT0S4Ofc s TFT0JS4 OCi 
t> E » RT ffi "? £ ftSSIStffcEiSftftEi l 4 (flUfcf I T 0««) k£*L, iE 

ytm<D^Mmmm 2 6;&tf*fessftffl®*fis*!iji2 s^wt, wfeisttfflo^awjBMi 

2 4, fcfefgtt/BOWfflSiiJi 2 6 RMfe?§ftfflMM§t/l 2 8 ±fc % CftSfc^SS 

aa ±5£iTSifnftti2 2*tiTft5, <DG&wmm 2 4 N » a s 

ftffl©#«»iSiM26;&tf*fef§#ffl©M*ffliS28tt, ^n^tu iejuhbsji 1 e , 
«3tt« 1 s jkvnTmmm 2 0 ^tit^s. 

[0140] 30 

M IB 7 * -r -f 7 "7 b U * X lc ft ^ T ii , m*.t£> H 6 7* f i 9 „ tl » ¥ ff fc K 

it SftfcjfeSifi 4 6k, *»¥frfcKtt 6hftf-*7'fy4 2 ttfit#±^7 -f y 4 4 

, B»fflTFT5ot*<»«*nTia»^jpia*nT^«. buibib 3 s & t>m%L*QUM 

t5k, IIISIi:X^7fy7*fflTFT4 8 k B iJ ffl T F T 5 0 fc A6 * ^ T 

4, 26Stf28tfIlf:LTfiL, 17 7 r ^ T*"? f 'J ^ X;UwWC$5^ T, #t 7a ft 
KfilSnfc^Sl4 6©loi:, «2f filfcEtl* ttfcMttfc^ > 4 4 k U IE 
«||ilBS3 8^6««[*Wlin'r*fc, * © 18^ ^©Sigj&fcffiigTSX^y^y^fflTFT 

4 8 B»U ^ntC^VBi&ffl T F T 5 0 tfB»L, &ffcg©*r« E L|f 5 2 ft 40 

[0141] 

*5HOtiBLf^^l/'fli, 37^-?, sy^H^S, 

[0 1 4 2] 

mm mi 
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[0 1 4 3] 

(MffiM l ) 
-tlE L ifi ? <D fF g - 

UiEtaiiIi!j'«ISnT45tSEL«f*ttTOJ:5fi:tTff«Lft. BP "6 > Sf 
> WBEikLTOI T0tift»l«Lfti!f77l«ft, 7j< , 7t h VS(f^V / d h';V 
7;l/3-;H:Tlf«^L, uvtyvHlfe, * o ^ , TOtilt, T IB 

ifiS (1) t^thy7i-;Pi?75y (TPD) 1 0 Ot/l/XtSLv 2 0t/V%O 
TfBMsS (2) lc^tl7?ni/7-> (CuPc) *iB^Lfcfi-&«*, 1 5 

0 n m fc&S «k 5 tft«»ffifc J: 0 ««LTWEiE?LttA*Jllll3aSJi*JB/aLfco 10 
toBIE?L&AM«iM±K:, b D X (B-tFntft/yy) 7 ;V 5 - 7 A ( 7 ;!/ 5 
= !)i + yyv«#: A 1 q 3 ) *Mmm&0 . 1 nm/sOBtT, J* * # 5 Onm 

38 ± , A 1 - L i^i (L i Otti=0. 5 MM%) *MMm&0 . 2nra/s© 



[0146] 

- s ffi ffi $ © a s - 

f'J7i-;I/^75> (TPD) 1 0 0 * ;]/ % fc # L 2 0 =E % © 7 # n ~> 7 - y ( C 50 



[ 0 1 4 4] 
[ ft 2 7 ] 




20 



[ 0 1 4 5] 
[ft2 8] 



30 




40 



us; 
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uPc) £ ?g 1^ L 7c ?1 ^ t/ ^ 1 5 OnmOf5t4§J:5Ci±ligT<IILftgiT'L 

IftSfit^^T, * & * T? , Mft-SiSMti" (s 1 oan techno 1 ogy co 
rporat ion K) % ffl ^ T $ ffi II £ * jfj £ L fc t C 5 , UlSa 1 0 nmttT 
7c 0 ft*. ttft-Sa!IW-©»IBffittfi 1 0 n mT?£5o 

it tfc ^1 lft L T\ I T Omm±Kmy & V ->7 =.y (CuPc) 1 50n 

mO**fc&5«J:5K:*a53RJ»ScTfttaLfet.OlCi#U, 8 0 °C T* 1 B# n 7 - - )V M % 

S £ a 3 5 n m T» $ -d Tz. „ 
[0147] 
(f*lMJ 2 ) 

$g St #J 1 1 43 T % M IB IE ?L a A 1 It ft M £ , F'J7i-;l/^7^ ( T P D ) i: gffl 7 
^n->7-V (CuPc) ^ftifm OnmOf^T'^ICX^iiaiaDlI ( 
C u P c%8ltf ^tt8 0 nm, T P D 4 7 1 -pf-*ff 7 0 nrn) L , H" © J¥ & AM 
50nmTJ5illi ( £ 5 M Hi 5£ ) ©fcOfcJfcjSLfco - 7aN ttitLt, CuP 
c (8 0nm) tTPD (7 0nm) fc*COJBjf-p8IJiLfct>0 (SSIltiattiS 
^ t> <E> ) %j&$,Lfc 0 iih«S^*tfe^T, 8 0 °C T* 1 B# 7 - - ;!/ & m * L fe . M 
iBIE7LaAIiMft^l(DSMS£iJ£L/ci:u3, WtTB 2 5 nm, «STtt35n 

[0 1 4 8] 

(MtflJ 3 ) 

-^ie l m?<Dttm- 

^SMlfcft^T, ttilBIEJLaXJiMliSl^, MJ7i-;W;75V (TPD) t«7 
^0->7-> (CuPc) fcOfi-&«*fflV>T^jabfe«fe0lC, i7^ni/7-> (C 
u P c ) 1 0 0t;l/%t»L l 5 * ;l/ % © 7 * U ;l/ SI € 7 v - * B L It M & ® £ & M 
* & J: tK IP * ft 1 5 0 nmtSSj;^ titL, fSE7jki7 >7"^ffl^ 1 0mWT5 
^IH3tJia»ftia*ff -3 fe 0 fOl, SStT* 8 0 TCT? 1 «fM7--;l/ffili*fTV^ MIBIE 
?La=A»ft*l5£*©£®!|&S £tB'J£ L Tc tt5, 1 0 n mKTT'feof;, 

[0 1 4 9] 

cum 4 ) 

-*r« e l m=?<D\fm- 

nnmiK&^x, mmiEii&xmmmmm*, f'J7i-;^>7s> (tpd) 100 

*/l/%fc»L 8 t;l/%<DTIS«iiS (4) TStfh77z-*^^y*B^LftiB^* 

7L£Aeitit^S£:> MIBT P 2 0 0 nml«LTl«Lft. 
[0 1 5 0] 
[ft 2 9 ] 
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[0151] 

cn^lStlflOOt, l^S7--;Hlt, M!BIE7LaAMItS«©MffiS £ 
iJSL/cfc M#T'ti, MfflStf 1 0 n mKTT'Soft. & # © J± « T? Ji , 4 5 n 

[0152] 

ammm 5 ) 

-*ra e l m^ottm- 20 

1 fcfc^T, MfBZE?LaAJIjt$t£!/i^ F 'J 7i-;V^7 5 V (TPD) 100 

ii%ttL, i7n°n>t'j m (pmda) o . 5 m m % t a , 4 ■ -^75/^71 

-;Vx-x;V(ODA) 0. 5il%fc^I^LftI^ft^ 2 0 0 nmOg»i:fj:§j:7 
fciiatLTJBfigLfco |7^a^iJH (PMDA) 4 , 4' --775/^7i 

-;]/x-x;V (0 D A) fctt, ftitfci D BufBM(Dgffi^«^LT*'J 5 KttfJii: 
45. Sfc, itStlt, MIBIE?La AlJfllg/I^ i!2T P D% 2 0 0 n milLT 

CftZZl 0OtT-ltS7--^MIL, Mf3IE?LaAJlitf§^Jl®Mi|S$£7liJ5gL 
ft t <1 3 , M# X it , Sli?^ 1 0 nmWTTSofto ft# © J±« T» » , 4 5 nraJ-XT 
X3bitc 0 30 
[0 1 5 3] 

«±OSe*^S, MfBMMg^fcnt^jtufBlEg £ ST 3 M§BIEM»/f (09* tf, tu 
IB IE 7L a A 1 B tu IB IE ?L ft m B ) Efett^SIi? tov^TB, ¥ - © <g # =¥■ it % X B 

tvits M©7a^\ mjEmmmmfc&^Tffi£hittf£vm^tmm-$ftrc a cnu, m 

IS IE ?L ft M S ^ © M IB IE M to 11 & , Me#9X(E»fijS (Tg) £ ±i L T , ^ <9 St ® 
f§ S ft % M 7JP f 5 C t ifi m B 2 ft X *5 0 ( T h i n solid films 27 
3, 2 0 2 ( 1 9 9 6 ) ) , Sfc, MElE?LftAfl*Haf«tefctt5¥»ttfcB3fca& 
♦ fctfftftfcHflkLT^SCfctfiRftSftTfcD (Appl. Phys. Lett. 

5 6 ( 9 ), 7 9 9 ( 1 9 9 0 ) ) N WEE tt»tt Ji IC ft 5 f& SEMffi S « N @ 40 
n«-&©na H ft HUB #5 xiEgsiag (Tg) ^Jit4ihT3 c i: 

Sfc* J±«IIII&0*i8S E L % E L M=? t tt ft It L fe|g£, 

[0154] 

(tttS 1 ) iE*2fctfm«©iaifc, il?nftfliIi^tLT*D, MMMK: 
ft 5 M IB IE fcl g§ T § IE M ffli Jl , 75ylt, 7^D^>7r>|, *";W^jy| 
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% m m e l m ? „ 

(#15 2) 7 5 >Mf>^< fcfe 1 m<0 it&Vl tom-Si* >\< ft (7^ym : £ 
1 SI © it & % ) tfl : 1 0 0 ~ l 0 0 : lT?fc5tfflBlfc3E«©*j*ELjR?„ 

(#154) WM#?Mb£tlt&$iHb1lrtl£:©?I1§- ; e;I'J:b : MMit 

tfi 1 : 1 0 0 ~ 1 0 0 : 1 TffcStf E 3 £f5fc©M E L ifi? 0 

(#155) EiStftiosiL, M^nfc^M ii^t lt& t> , itiiiii: 
•r^cifc^^fih-r^^iiE l^? 0 

(#IB 6 ) MfllM 3 /f LX±««ftfc#|B 4 £ 5 0^fhfrtBtO^«E L 

(#15 7 ) 8H#l3Sfc*5W-S£B©JP*tf 2 0 n mttTT?*5WB 4 ?> 6 © ^ <T ti 
IB ® © ^ H E L H ? „ 

(MSB 8) WM#?Mb£'M s 7 = y|, 7*nJ/7-y», # ;V 7 ^ U > Sift If * 
^^v;-;HH>5IR«n«'>4 < t fe l gT'£5#IS3 6 7 ©v^-f n^«cE«0*« 
E L l?„ 

(#139) *s«<b£»tf, p snb p mmm^ ssrs 

< t fe 1 «T? SS WIS 3 S 8 <0^-ftlfrk:|B«O^« E L 20 
(#15 1 0) iE«Rtfft«©Hlc, »JI£nfc^MM£W LT& D , MMM/f 

zmmiEm tmt %jEmmMmtf, 7$>i, 7^->7->i, # >v y * u y m 
Rtf*;v/v;-/Hfr6ijR?n«*4< kt. lao^rafi^^ft^Wks je ?l o ^ sit % 

(#13 1 l) ^MfrHb^'-M, £#«3fi{b£«iK &»S£t!Mb£fek ft S £ 13: {fc £ to 
Rtf&M^ttffc^iftifr 5gftSfts4>ft < t fc^-rnfr-esattiB 1 o fciB«o*r«E l 

(#15 1 2) Att:*Jfi{b#*tf , x h77'J-;M * yTS§#IB 1 1 fcfBiS©#llE 
L 

(#1513) SSM^ttfl^totf* i* + s/*|€ / si? y fri'ftiix^x/i/fcUB 30 

- , #'J75F^5Ffiit/v-, # U * ;V # t K 7 ^ K «flfi t - % # U A ;V aj? y 

t y v - & tf t° v t> v $ y mm * / v - 6 ir s n § '> a < t 1. 1 a -e $ § #is 
i i a i zo^fn^tEKotSELi?. 

(#1514) ft«£tt{fc-&*ftlflft«'&tt{t-&«;V, 7fl/yl§i€/?-, S/a* 
ifyltlty?-, e-;Httt/v-, 7tf;Htttyv-, 7^u;H^f 
v-^t5x,fs^^a^w ; &/^-^e»^w?n§ / >^< 1 «T?a&stfe 1 1 

1 3 © ^ T n IB K © * m E L IK ? o 40 

(#ib i 5) jEmikzfn.mcDmK, mm^ nrc^mmmmz^ lt a r>\ m^mmmm 

HIE L fg? 0 

(#15 1 6) /S#-y<b*)\ ftfttfttftf^ttO^-ftifrfcftS ftfctfIB 1 5fcf3«£© 
HE L fK? 0 

(#15 l 7 ) ^ $ - yit , 75>I, 7^a->7-Vl 1 # ;1/ 7 -f U V SI ft tf * 
IB 1 1 6©V>f n^tlEISOtiE 

T*& §#fB 1 & 1 7 ©^"f n^fC|BK©W« E L If o 50 
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£ 1 8 cd ^ -r n IB ® © w n E Li? „ 

( m ib 2 o ) IE a r x} n. m & m ip] m m £ n , '> & < t & - # # m. m t? & § # ib i ^ e. 1 
9 © -r n a* t ib « © m a e l * ? „ 

( IB 2 1 ) # |B l 6 2 0©^-fn^fclB«O#«E LI70B8SSUS?T, '> 

(#1B2 2) tflfcfi£tt{fcl^£#*r b, MlEMteltf inf&MS ns# 

IB 2 1 £ Eft Oft a E LlS^OM^o 

(fE2 3) IE«»ttJl3^3t«^tt<t^«*$*L % KiE««jtt«^31fiJR»«ia*n* 10 
#IB 2 lfc!5ffiO^«»EL^?0«!ii^ffio 

( tt IB 2 4 ) it IB 1 & 2 0 © ^ f ft t IB ft © * a E L £ ? © H it £ S T* 2& o T N ^ 

( ft IB 2 5 ) E 1 & 2 0<D^-fft^»CfB«O*«E L £ ? © S it 7a fcfc T* g o T , 'P 

(#35 2 6 ) #|B 1 fr£ 2 0 O^-f ftfr £|3t£©^$£ E L*?*fflVfcC 20 
S *f a E Lf'f X/l/^ 0 

( # IB 2 7 ) ^7->7-7h'jn;^wbStf7^f^vhijn;Uwi/«^fn^ -e 
a& § # ib 2 6 ib n © ^ a e Lf^yiz-f. 

[0 1 5 5] 

# 0J5 £ J; £ £: , MM 3 b, ttJI * ft fc WaifiiJl fc * § IES&MJI 

© ^ n it ^ w £ ft, «?w«fttftaa 3 c k4 < j»wafstt^ift±bs mm^^n^m 
ieli?, Rifm^m e l m?<D®mw*mmj5m, ttfc, a at o @ s& # a < , 

C t ft T? # £ o 30 

[si] bis, *%w<DmmE Lm?-m*7n-fwtmmmmT°&z> 0 

[02] S2 a, *5swo#aEL^?fcfett5s«figo-fiaj§siwrs/fci6©a»&siw 

H Tf * * o 

[ HI 3 ] 0 3 » , ^■r>7'?F'jnSSotlELf^7'l/^ (;lr>;vf'J^X 

[14] I 3 b V n^SOSi E L f ^yi"f 

t h U * X * ;V ) £tttf«l3B&BZiK?Sfe&0ttl&ffii&HT*$3. 
[05] 0 5(i, 7^f ^VhiJUJSOlSELf^/U^ 

[06] B6H, 15Eit7^f^^F'J^X^i!;©tiE Lf^/l/^ ( 7 * x 

[ w= © si m ] 
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2 2 II 

2 4 iffefg^fflMMitji 

2 6 B^^ytmcD^mmmm 

2 8 *fi?§ftffl<7)it$li»Jit/i 

3 0 E|7^ > 
3 2 

3 4 E L 

3 6 SUM 

3 8 lEttHES 

4OTFT0ES 10 

42 -r - * 7 > 

4 4 It Mf* 7^ V 
4 6 MS? 

48 X^yfy^fflTFT 

50 SlfflTFT 
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